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Background: Respiratory syncytial virus (RSV) is the predominant cause of lower respiratory tract infections (LRTI)
in infancy. Preterm infants with bronchopulmonary dysplasia (BPD) are at the highest risk of severe RSV-LRTI. This is a
retrospective study that analyses a nosocomial outbreak of RSV infections in the Neonatology clinic of the University

Methods: Two groups of infants without contact between them were diagnosed with RSV-infection: 14 infants were
treated in the Department for healthy newborns — Group 1, and 7 preterm infants were treated in the Neonatal Inten-
sive Care Unit (NICU) — Group 2. The detection of RSV was performed using Real-Time PCR in nasal/throat swabs.

Results: Respiratory symptoms occurred 2-5days after discharge in 14 of 148 healthy term infants born February 5
to 18,2019; 12 babies were re-hospitalized with LRTI and recovered in a few days. RSV-PCR was positive in 6 infants,
while in the others, RSV etiology was suggested, due to similar symptoms and contact between them.

The first NICU patient with RSV-LRTI was one of the 26 gestational weeks (GW) twins, who had severe BPD. The other
twin was always discharged home without LRTI-symptom:s. In the period February 19 to March 15, 2019, 26 pre-
mature babies born at 26-34 GW, were tested for RSV (33 nasal/throat swabs). They received a first or subsequent
palivizumab injection. We identified 11 positive samples in 7 of the babies. Despite the clinical recovery, the second
RSV-PCR remained positive in 4 babies. Six of the 7 NICU patients had symptoms of LRTI, and two of them needed
mechanical ventilation. Six babies were discharged home after stabilization, one was transferred to the Pediatric
department for further treatment of BPD and later discharged too.

Conclusions: This was the most serious outbreak of RSV infections in neonates since the RSV-PCR diagnostic in
Bulgaria was introduced. The course of RSV-LRTI was severe in extremely preterm patients with underlying BPD. So,
routine in-hospital RSV-prophylaxis with palivizumab should be considered for infants at the highest risk.
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Background

Respiratory syncytial virus (RSV) is the most common
etiologic agent for acute respiratory infections overall and
for lower respiratory tract infections (LRTI) - bronchioli-
tis and pneumonia in infants. RSV causes between 50,000
and 125,000 annual hospitalizations of US children
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younger than 5years [1, 2]. In 2015, RSV was responsible
for 33.1 million LRT infections worldwide, approximately
3.2 million hospital admissions, and 59,600 in-hospital
deaths in children younger than 5years [3]. RSV is a lead-
ing cause of hospitalization for infants less than 2 years of
age [4—6]. Risk factors for severe illness and mortality are
preterm birth, chronic lung disease (CLD), hemodynami-
cally significant congenital heart disease (CHD), age less
than 3 months, neuromuscular disorders, and immuno-
deficiency [4, 7]. Healthy full-term or near-term infants
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of 34—37 gestational weeks (GW), can be affected too [8].
RSV is mainly transmitted by aerosols or direct contact
with contaminated surfaces where the virus can remain
virulent for hours. The incubation period is between 4
and 5days with initial viral replication in the nasophar-
ynx; thereafter the virus can cause LRTI [9]. As a highly
contagious pathogen, RSV carries a high risk of nosoco-
mial spreads in Neonatal Intensive Care Units (NICU)
and RSV outbreaks are more frequent than suspected
[10].

There is currently no licensed vaccine to prevent RSV
infection, but in the past two decades, passive immuno-
prophylaxis for high-risk infants was increasingly imple-
mented using a monoclonal antibody, palivizumab [11,
12]. This reduced the risk of RSV-LRTI hospitalizations
for these infants [13, 14].

In Bulgaria, RSV was the most frequently detected
etiologic agent of LRTI in children under the age of 5
for the seasons 2014/15, 2015/16, 2016/17, 2017/18 [15,
16]. The palivizumab prophylaxis started in 2010 for the
most vulnerable groups with a gradual extension of the
indications in the subsequent years. To date, there are no
national guidelines for the use of palivizumab in NICUs,
or control of in-hospital RSV outbreaks.

Methods

This study reports retrospectively data on case series,
and analyses the nosocomial outbreak of RSV infec-
tions among inborn infants in the Neonatology clinic of
the University Hospital of Obstetrics and Gynaecology
“Maichin dom’, Sofia, for the period February—March
2019. The hospital is a tertiary care center for high-risk
pregnancies and neonates with 3500—-4200 deliveries per
year. Healthy babies are cared for in two neonatal wards,
with 35 baby beds each. One of the wards uses a room-
ing-in system. In the other one, the neonates are cared
for in the well-baby nursery and stay with their moth-
ers only during breastfeeding. The newborns are admit-
ted to a particular ward, according to the preferences of
the parents. Feedback on all problems in the first month
after discharge is obtained from the outpatient pediatric
practices. The NICU contains 45 beds: 15 intensive and
30 special care beds, separated into 7 boxes. Periods of
overcrowding are not excluded. The NICU patients are
usually cared for by 8 nurses in each shift. The physicians
who work at the NICU are not the same who work at the
healthy baby wards. During their daily visits, the parents
are encouraged to take part in caring for and feeding the
baby if the condition is stable. The practice in our NICU
is to stimulate breastfeeding or bottle/ gastric tube feed-
ing with expressed milk using breast-milk fortifiers for
the most immature babies.
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The epidemic RSV-outbreak, we report here, affected
two groups of newborns without contact with each other.
Group 1 included 14 healthy term infants, who were
cared for in the well-baby nursery, and became sympto-
matic for LRTI 3 to 5days after discharge from the hospi-
tal. Group 2 included 7 preterm infants with direct (one
room), or indirect (caregivers, parents) contact with each
other who were treated in the NICU (NICU-patients),
and became RSV-positive during the hospital stay. The
diagnosis of LRTI was based on standard clinical crite-
ria [17]. Clinical information, including demographic
characteristics, symptoms, diagnosis, comorbid illnesses,
and the outcome was documented in the hospital case
reports. All parents were informed in detail about the
disease. Written informed consent for the diagnostics,
testing, manipulations, and treatment was obtained. The
detection of RSV was performed using Real-Time Poly-
merase Chain Reaction (PCR). Nasal and pharyngeal
specimens were collected and were transported imme-
diately to the National Laboratory “Influenza and Acute
Respiratory Diseases’, and were analyzed for viral res-
piratory pathogens. The results were available the next
day. The primers/probes and protocol used in the study
were identical to those described by Kodani et al. [18].
Subgroup-specific primers and probes targeting F and N
genes of the RSV were applied to determine the RSV-A
and RSV-B respectively, using Multiplex Real-Time PCR.

The following measures have been taken to control
the epidemic outbreaks:

At the healthy baby ward, strict administration of
the standard infection control procedures was carried
out: intensification of the disinfection regime; use of
gowns, gloves, and masks; regular hand washing and
disinfection; restricted visits for relatives other than the
mother; denied access for medical staff/parents with
respiratory symptoms.

At the NICU

All infection control procedures mentioned above were
applied. As the RSV season was combined with a peak
of other seasonal respiratory tract infections, the visits
of parents or relatives in the NICU were limited until
this outbreak was overcome. Only mothers without res-
piratory symptoms, who were not discharged from the
hospital, were allowed to visit their NICU babies for
this period. The RSV-positive infants were separated
from the other NICU patients; cohort nursing for these
groups was applied. RSV-PCR testing was performed
on all 26 patients treated in the special care ward.
Regardless of the PCR results immunoprophylaxis with
15mg/kg palivizumab was administered to all these
infants.
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Results

Group 1

148 term infants were born February 5 to 18, 2019, and
treated in the two Neonatal wards for healthy babies.
Two to five days after discharge respiratory symptoms
were observed in 14 of the babies who were cared for in
the baby nursery room. Twelve of these 14 symptomatic
babies were re-hospitalized in different Paediatric depart-
ments in Sofia with symptoms of LRTI (bronchiolitis).
Symptomatic treatment was carried out. The symptoms
resolved quickly, no complications were observed and
a few days later the infants were discharged home. In 4
of the hospitalized babies, as well as in the 2 outpatient
infants, the nasal/throat swabs were tested RSV-PCR
positive. RSV etiology was suggested for 8 of the re-hos-
pitalized infants based on epidemiological contact and
typical LRTI symptoms, but PCR was not performed.
Strict infection control measures were implemented at
the healthy baby ward. As a result, the epidemic situation
was put under control, and after 18.02.2019 no new cases
of RSV-related deterioration in full-term infants were
identified. All 148 neonates (Group 1) were closely fol-
lowed up for respiratory symptoms after their discharge
from the 2 neonatal wards. During the reported period,
and the entire RSV season there was not a single case of
LRTI in infants discharged from the rooming-in system
baby ward according to the feedback from the pediatric
practices where the babies were followed up.

The epidemic outbreak in the NICU (group 2)

In the period February 19 to March 15 of 2019 RSV infec-
tion was detected in 7 very low and extremely low birth-
weight in-born infants, aged 1 to 3months, and treated
in the NICU. The clinical data for these patients are sum-
marized in Table 1.

The first (index) case in the NICU was a 3months old
twin, born at 26 GW, with a birthweight of 1050g. The
other twin was always discharged home, and without res-
piratory deterioration thereafter. The first NICU patient
(P1) had developed severe bronchopulmonary dysplasia
(BPD) but was already stable and ready to be discharged
home. He had received three injections of palivizumab
from the in-hospital palivizumab-immunoprophylaxis
course. At the age of 94.days, there was a rapid dete-
rioration with progressive respiratory failure and symp-
toms of LRTI. Mechanical ventilation was required. The
tested nasal and throat swabs were RSV-PCR positive.
The X-rays showed infiltrative changes superimposed
on a classical BPD image. Since Staphylococcus epider-
midis and Enterobacter cloacae were isolated from tra-
cheal aspirates a complication with ventilator-associated
co-infection was discussed and antibiotics were added

Page 4 of 8

corresponding to the bacterial sensitivity. Inhaled bude-
sonide and P2-agonists, cardiotonic treatment, diuret-
ics, an additional (booster) palivizumab injection were
administered too. After stabilization and extubation, the
infant was transferred to the Paediatric department for
further treatment of the severe BPD. The second RSV-
PCR test performed on day 23 after the disease onset
remained positive.

All standard infection control procedures were rein-
forced aimed to prevent the spread of the RSV infection
between the NICU patients. Once RSV was proven in the
first patient, we administered palivizumab 15 mg/kg to all
26 preterm babies, who were treated in the special care
ward of the NICU and had direct (one room) or indirect
(medical staff, parents) contact with the index case. For
22 babies this was the first application. Four infants were
injected with a subsequent (booster) dose. One of them
was the index case (P1). For three babies the RSV-PCRs
were tested positive on the day of the first palivizumab
application, and for 3 others — on the following days.
However, it is important to emphasize that three of the
other extremely preterm NICU patients <28 GW who
had severe BPD and always ongoing palivizumab-proph-
ylaxis remained RSV-negative, and without deterioration
during the hospital stay. Four days after the palivizumab
injection P2 developed severe respiratory failure with
symptoms of bronchiolitis, MV was started. All 26 pre-
term NICU patients were tested for RSV (33 nasal/throat
swabs). Some infants were tested more than once during
their hospital stay. We identified 11 positive samples for 7
of the babies, (4 babies were with 2 positive probes). The
gestational age of these 7 babies was 26-34 GW, their
birthweight was 840-1470g (Table 1). The babies were
put in isolation. In 9 of the samples RSV-B was typified,
and in two samples typing was not possible. In 4 babies
the second RSV-PCR performed 1 to 3weeks after the
first sample, remained positive, but the clinical symp-
toms of LRTI were resolved. Due to respiratory dete-
rioration and contact with each other (twins) two babies
were re-tested after negative first samples and found to
be RSV-PCR positive. In six of all 7 RSV (+) premature
infants, symptoms of LRTT (bronchiolitis) occurred, two
of them were with severe respiratory failure and needed
mechanical ventilation. Three babies were with moderate
and one with mild symptoms of LRTI, only one patient
(P7) remained asymptomatic. All RSV-positive babies
were stabilized, 6 of them — discharged home, one was
transferred to the Paediatric department. For the most
severely affected infant (P1), the RSV infection signifi-
cantly deteriorated the clinical course of the BPD and
delayed discharge home for more than 2 months.

For Patient 1 the RSV-related symptoms and the
RSV-PCR positive test occurred after 3 injections of
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palivizumab, for P2, P6, and P7 — a few days after the
first injection. These infants were at the gestational age
of 26-27 GW and with underlying BPD, only one of them
(a girl twin) remained without respiratory deterioration.
For P3, P4 and P5 palivizumab prophylaxis had not yet
been started before the first RSV-positive test. They were
at higher gestational age (31-34 GW), without BPD, and
presented with mild or moderate clinical symptoms of
LRTL

Discussion

Here, we describe the first nosocomial RSV-epidemic
outbreak in a neonatology clinic since the routine
RSV-diagnostics by PCR in Bulgaria was introduced
(2013/2014). In the years before this outbreak only iso-
lated cases of RSV infections during the RSV seasons
were observed in the NICUs.

RSV is the most common viral pathogen in LRTI infec-
tions for infants aged less than 5years. According to vari-
ous authors, RSV causes 50-90% of hospitalizations due
to bronchiolitis, 5-40% of hospitalizations due to pneu-
monia, and 10-30% of hospitalizations due to tracheo-
bronchitis [19-21]. In Bulgaria, for the seasons 2015/16,
2016/17, and 2017/18, RSV was identified in 44.5% of the
infants with bronchiolitis and 25.1% of those with pneu-
monia [16]. During the season 2014-2015, serotype A
dominated, while over the next three seasons RSV-B was
dominant [15, 16]. In our NICU samples, where typing
was possible, RSV-B was proven. In Bulgaria, there is a
pronounced seasonality of RSV infections during Decem-
ber—March with a peak of diseases in February [15, 16],
i.e., the epidemic outbreak described here occurred in the
second half of the RSV season.

For the affected full-term infants (Group 1) the symp-
toms of LRTI appear a few days after discharge from
the well-baby nursery. So, they must have acquired the
infection during the hospital stay from RSV-positive
visitors or healthcare personal with or without respira-
tory symptoms. Although the mode of transmission of
RSV facilitates its spread among the babies [9], the role
of the medical staff and gaps in the anti-epidemic regime
should be discussed. Unfortunately, in the outbreak,
described here, the source of the infection (medical staff
or visitors) was not identified. It is important to mention
that, there was not a single case of RSV infection among
babies cared for in the roaming-in ward. This is likely
related to the limited contact with health care personnel,
other mothers, or visitors and demonstrates the advan-
tages of the rooming-in system in preventing nosocomial
respiratory tract infections in neonatal wards for healthy
babies. Furthermore, in such wards, the mothers are
actively involved in caring for their infants.
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Preterm infants with or without BPD are at increased
risk of severe RSV-LRTI during the first 2 years of life.
Palivizumab, a monoclonal antibody to the RSV F-pro-
tein, was developed for immunoprophylaxis against
RSV-disease. Following its license in 1998 palivizumab
has been implemented in more and more countries with
differing reimbursement criteria, which vary over the
years [9, 11, 12, 22, 23]. According to the guidelines of
the American Academy of Paediatrics (AAP) until 2014
RSV immunoprophylaxis was administered to preterm
infants of gestational age (GA)<35 GW [22, 24]. Pro-
spective clinical trials have demonstrated palivizumab
efficacy of 45-82% against RSV-related hospitalizations
[9, 13, 14]. Because of its high price cost-effectiveness
studies for different subgroups of high-risk infants were
conducted, but they did not provide uniform recommen-
dations for prophylaxis according to gestational age [25,
26]. So, in the following years, in the United States and
some EU countries, the reimbursement criteria were lim-
ited to the most vulnerable groups: infants born preterm
at <29weeks of gestation, infants with BPD, or hemody-
namically significant CHD [23, 24, 27]. After the imple-
mentation of the RSV-immunoprophylaxis in Bulgaria,
2010, initially covering only the infants with severe BPD,
the reimbursement criteria were gradually extended to
all infants with GA <30 GW up to lyear of age; those
<2years of age and requiring treatment for BPD within
the previous 6 months, or with hemodynamically signifi-
cant CHD. From season 2019/2020 onwards palivizumab
is also reimbursed for preterm infants of gestational age
30 to <32 GW and<6months at the start of the RSV
season.

In preterm infants, especially those with BPD, RSV-dis-
ease is significantly more severe, with lower respiratory
tract involvement or pneumonia. A bacterial infection is
often superimposed [21, 27-29]. For our two most criti-
cally affected infants, the severe RSV disease was compli-
cated by ventilator-associated infection (P1 and P2).

If the RSV-disease in such high-risk newborns occurs
in the NICU, discharge home is delayed. In our popula-
tion of preterm babies, this period was between 1 week
for milder cases and over 2months for the infant with
severe underlying BPD and critical deterioration. To date,
there are no uniform recommendations to start palivi-
zumab during the NICU-stay of high-risk infants [10].
So, extremely preterm NICU patients born just before or
during the RSV season in Bulgaria (December—March)
generally do not receive palivizumab before discharge
home. Since the hospital costs would increase signifi-
cantly the practice in our NICU is to administer off-
guideline palivizumab only for extremely preterm infants
with the highest risk of severe BPD (need for MV and/or
high oxygen requirements during the entire first month
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of life). Thus, the RSV-prophylaxis for such infants starts
about a month after birth with 15mg/kg of palivizumab
monthly. Of our 7 RSV-positive NICU patients, palivi-
zumab has been previously been initiated only for P1,
the extremely preterm infant with severe BPD. The other
6 patients were without or low oxygen requirements at
1 month of life. So, they received their first palivizumab
injection once the index case was detected.

Among our NICU patients, the RSV infection was most
critical in the infant with severe BPD, despite ongoing
prophylaxis with palivizumab. The morphological imma-
turity of the lung and the BPD-related changes might
have contributed to the severe course of the disease.
Fortunately, despite their low gestational age and co-
morbidities, none of the infants in our RSV cohort died.
It should be noted that three of the extremely preterm
NICU patients with severe BPD had already received one
or two injections of palivizumab before the beginning of
the RSV outbreak, and they did not get infected. Thus,
palivizumab might prevent RSV disease, or help such
infants to survive and decrease the number of severe
cases.

In the last two decades, several studies on RSV out-
breaks in NICUs /Special care baby units with a series of
7-15 preterm infants have been published in the litera-
ture [30-34]. Once the first RSV case is identified screen-
ing all infants in the NICU, isolating the symptomatic
and infected infants, and strict infection control proce-
dures are essential to stop the spread. Dizdar, et al. 2004
reported an RSV outbreak with 15 RSV-positive sympto-
matic preterm infants, 5 of them (~30%) died [30]. Dur-
ing the outbreak reported by Kilani RA (2002) 8 very low
gestational age infants were diagnosed with RSV-disease,
4 of them required mechanical ventilation, and one died.
At the same time, the 12 term and late preterm infants
remained RSV-negative and asymptomatic, probably due
to the anti-RSV IgG antibodies that cross the placenta
mainly in the last months of pregnancy [35]. In their
study, Halasa, et al. summarized the significant negative
effects that the RSV outbreak in the NICU had on health-
care delivery, hospital costs, and patient outcome [36].
Analyzing RSV-outbreaks in NICUs most authors con-
clude that standard infection control measures such as
isolation and cohorting, strict hand washing, gowns, and
gloves are the main tools to prevent or overcome RSV
spread. Palivizumab may help to limit RSV-outbreaks in
NICUs [30-32, 34, 37—-39], but its use in such situations
remains controversial and continues to be discussed.
However, the application of palivizumab in the NICU’s
praxis as an additional tool to the routine infection con-
trol measures is not uncommon [10, 37-39]. Therefore,
the need for, and efficacy of palivizumab prophylaxis dur-
ing RSV outbreaks in NICUs should further be studied.
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Another aspect that should be mentioned in the discus-
sion of the reported outbreak is the prolonged shedding
of the RSV by the preterm patients: in most of them, the
second PCRs tested RSV-positive one to 3 weeks after
the first probes, regardless of the clinical recovery. Such
a prolonged RSV shedding by high-risk neonates may last
for up to 4 weeks [10, 30, 32]. This further complicates
the control of the NICU outbreaks and requires isolation
of the affected infants until discharge, or until negative
PCRs are obtained.

Although full-term infants may also be affected by
nosocomial RSV infection, the disease is usually mild.
Our full-term symptomatic patients required short-term
hospitalization or treatment at home, followed by recov-
ery without complications. In healthy term or near-term
(34-37 GW) newborn infants, passive immunity pro-
vided by transplacental anti-RSV antibodies would help
reduce RSV-related hospitalizations in the first months
of life. Active immunization of women during pregnancy,
for prevention of severe RSV disease in the neonatal
period and early infancy, remains a challenge. The suita-
ble vaccination timing — in the second or third trimester,
is also under discussion. It should be sufficient to ensure
that the mothers develop immunity, transfer transplacen-
tal antibodies, and protect the newborn, including those
born preterms [40]. RSV vaccine research and develop-
ment activities have increased significantly in recent
years [21, 41, 42]. Several RSV vaccine clinical trials from
Phase I to Phase III with a variety of vaccine strategies,
summarized by Rezaee, et al., are currently underway or
were recently completed but to date, there is no licensed
RSV vaccine for pregnant women [43].

Conclusions

The reported nosocomial epidemiological outbreak of
RSV infections in neonates was the most serious one
since the RSV-PCR diagnostic in Bulgaria was intro-
duced. It happened during the second half of the local
RSV season. The majority of the affected immature
infants had no palivizumab prophylaxis yet before the
respiratory symptoms occurred. In extremely preterm
infants <28 GW at high risk of developing BPD, born
just before, or at the beginning of the RSV season, it is
appropriate to consider reimbursement of early routine
in-hospital RSV prophylaxis with palivizumab to prevent
RSV disease, or to reduce its severity and complications.
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