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Abstract
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. We report retrospectively a
nosocomial outbreak of RSV-infections in the Neonatology of the University O&G hospital, So�a.

Methods: Two groups of infants without contact between them were diagnosed with RSV-infection: 14 infants who were treated
in the Department for healthy newborns, and 7 preterm infants, treated in the NICU. The detection of RSV was performed using
Real-Time PCR in nasal/throat swabs.

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

The �rst NICU-patient with RSV-LRTI was a 26 gestational weeks (GW) twin with BPD. From 19 February to 15 March 26 babies,
26-34 GW at birth were tested for RSV (33 nasal/throat swabs). They received a �rst or subsequent palivisumab-injection. We
identi�ed 11 positive samples in 7 of the babies. Six of them were with symptoms of LRTI, two needed mechanical ventilation. In
4 babies despite the recovery, the second RSV-PCR remained positive. After stabilization 6 babies were discharged home, one was
transferred to the Paediatric department for further treatment of BPD.  

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

Background
Respiratory syncytial virus (RSV) is the most common etiologic agent for acute respiratory infections (ARI) overall and lower
respiratory tract infections (LRTI) - bronchiolitis and pneumonia in infants. It has been estimated that RSV causes between 50,000
and 125,000 annual hospitalizations of US children younger than 5 years [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
5 years [3]. RSV is a leading cause of hospitalization in infants less than 2 years of age and can result in serious morbidity and
mortality among high-risk groups. [4–6]. Risk factors for more severe disease include premature birth, chronic lung disease (CLD),
hemodynamically signi�cant congenital heart disease (CHD), age less than 3 months, neuromuscular disorders, and
immunode�ciency [4, 7]. Healthy full-term or near-term infants can be affected too [8]. RSV is mainly transmitted by large particle
aerosols or direct contact with contaminated surfaces where the virus can remain virulent for hours. Incubation time is 4–5 d with
initial viral replication in the nasopharynx; thereafter the virus can spread and cause LRTI. [9]. There is currently no licensed
vaccine to prevent RSV infection but passive immunoprophylaxis using a monoclonal antibody, palivizumab, was increasingly
implemented in the past 2 decades for high-risk infants following its licensure in 1998. [10, 11]. This reduces the risk of RSV-LRTI
hospitalization and severe complications in infants predisposed to developing severe RSV disease and speci�cally for preterm
infants with or without CLD and infants with CHD [12, 13]. RSV was the most frequently detected etiologic agent of LRTI in
children under the age of 5 in our country for the seasons 2014/15, 2015/16, 2016/17, 2017/18. [14, 15]. In Bulgaria, prophylaxis
with palivizumab in certain risk groups has been applied since 2010 with a gradual extension of the indications in the subsequent
years. To date, there are no recommendations in the national guidelines for initiating RSV prophylaxis for at-high risk hospitalized
patients.

Materials And Methods
This is a retrospective case series study that analyzes a nosocomial outbreak of RSV infections in February-March 2019 among
inborn infants in the Neonatology clinic of the University Obstetrics and Gynaecology hospital "Maichin doom", So�a.

Two groups of newborns without contact with each other were affected: Healthy term infants – Group 1; Premature infants who
were treated in the Neonatal Intensive Care Unit (NICU) – Group 2. The diagnoses ARI and LRTI were based on standard clinical



Page 3/9

criteria [16]. Clinical information, including demographic characteristics, symptoms, initial diagnosis, and comorbid illnesses, was
documented using the hospital case reports for patients. All parents were informed in detail about the disease of the infants and
written informed consent for the diagnostics, testing, manipulations, and treatment was obtained. The detection of RSV was
performed using Real-Time Polymerase Chain Reaction (PCR). Nasal and pharyngeal specimens were collected and were
transported immediately to the National Laboratory “In�uenza and Acute Respiratory Diseases” where they were analyzed for
viral respiratory pathogens. The primers/probes and protocol used in the study were identical to those described by Kodani et al.
[17]. Subgroup-speci�c primers and probes targeting F and N genes of the RSV were used to determine the RSV-A and RSV-B,
respectively using Multiplex Real-Time RT-PCR.

Results
Group 1: 148 term infants were born and treated in the Department for healthy infants of the Obstetrics and Gynaecology
Hospital, So�a; in the period from 5 to 18 February 2019. Two to 5 days after discharge respiratory symptoms were observed in
14 of them. Twelve babies were hospitalized in different Paediatric Departments in So�a with symptoms of LRTI (bronchiolitis).
Symptomatic treatment was carried out and a few days later after recovery, they were discharged home. There were no
complications established for any of these infants. In 4 of the hospitalized babies, as well as in the 2 outpatient infants, the RSV-
PCR tests from nasal/throat swabs were found positive. In the other 8 hospitalized newborns RSV etiology was suggested due to
epidemiological contact between them and the typical LRTI symptoms, but PCR was not performed.

The epidemic outbreak in the NICU (Group 2): In the period from 19 February to 15 March 2019 RSV-infection was established for
7 very low birth weight and extremely low birthweight in-born infants, aged 1–3 months, and treated in the Neonatal Intensive
Care Unit (NICU). The data for these patients are summarized in Table 1.
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Table 1
Data and outcome for RSV-PCR positive preterm infants

P GW BW

(g)

Sex D BPD Palivi-
sumab

RSV-

PCR
I

RSV-

PCR
II

RSV
related
symptoms

MV

O2

Bacterial

Co-infection

RSV-outcome

1 26 1050 M 95 + 3 (+) (+) Severe
LRTI

Pneumonia

AV Enterobacter
cloacae, MRSE

(tracheal probe)

Prolonged
hospitalization

2 27 840 M 84 + 1 (+) (+) Severe
LRTI

Pneumonia

AV Stenotrofomonas

malto�lia

(tracheal probe)

Prolonged
hospitalization

3 33 1410 M 46 - - (+) No

data

LRTI

(mild)

O2 - Recovered

4 34 1410 M 23 - - (+) (+) LRTI
(moderate)

Pneumonia

O2 - Recovered

5 31 1470 M 33 - - (+) (+) LRTI

(moderate)

O2 - Recovered

6 27 1100 M 69 + 1 - (+) LRTI

(moderate)

O2 - Recovered

7 27 850 F 69 + 1 - (+) No
symptoms

- - Healthy

P: Patient N; GW: gestational weeks at birth; BW: birthweight; Sex: M = male, F = Female; D: days after birth with 1st positive
RSV-PCR; BPD: O2 at 36 GW; Palivisumab: number of applications before the 1st positive RSV-PCR test; RSV-PCR I and II: �rst
and second RSV-PCR test; MV/O2: Mechanical Ventilation/ Oxygen supplementation; LRTI: Lower Respiratory Tract Infection;

 

The �rst NICU-patient (Р1) was a 3 months old male infant, a twin, born at 26 gestational weeks (GW), with a birth weight of
1050 g. The infant had severe bronchopulmonary dysplasia (BPD) but he was already stable and about to be discharged home.
The baby had already received three injections of palivizumab from the in-hospital palivizumab-immunoprophylaxis course. At
the age of 94 days, there was a rapid deterioration with progressive respiratory failure and symptoms of acute LRTI. The tested
nasal and throat swabs were PCR-RSV positive. Due to critical deterioration during the following days, mechanical ventilation was
required, including high-frequency oscillations and assisted/controlled ventilation with 100% oxygen at the beginning. The status
of the infant was complicated by superimposed bacterial co-infection – pneumonia. Staphylococcus epidermidis and
Enterobacter cloacae were isolated from the probes, taken by bronchial lavage. Antibiotics according to their sensitivity, inhaled
corticosteroids (budesonide) and bronchodilators (β2-agonists), cardiotonic treatment, diuretics, an additional (booster)
palivizumab injection were administered. There was a slow improvement, the infant was extubated, stabilized, and was
transferred to the Paediatric Department for further treatment of the severe BPD. The second RSV-PCR test which was performed
at D23 after the onset of the disease remained positive. In summary, RSV infection in this patient signi�cantly deteriorated the
clinical course of BPD and delayed discharge home by more than 2 months.

During the period 19 February − 15 March 26 preterm babies, who were treated in the NICU and were in direct (one room) or
indirect (medical staff, parents) contact with the �rst RSV-PCR positive patient, were tested for RSV (33 nasal/throat swabs). All
these 26 babies received a prophylactic �rst or subsequent (booster) dose of palivisumab. We identi�ed 11 positive samples for 7
of the babies with gestational age 26–34 GW, and birthweight 840–1470 g, who were put in isolation (Table 1). In 9 of the
samples, RSV-B was typi�ed, in 2 samples typing was not possible. In 4 babies the second RSV-PCR, which was performed from
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1 to 3 weeks after the �rst sample, remained positive, but the clinical symptoms of LRTI were resolved. Due to respiratory
deterioration and contact with each other (twins) 2 babies were re-tested after negative �rst samples and found to be RSV-PCR
positive. In 6 of all 7 RSV (+) premature infants, symptoms of LRTI (bronchiolitis) occurred, 2 of them were with severe respiratory
failure and mechanical ventilation was performed, 3 babies were with moderate, 1 with mild symptoms of LRTI, 1 baby (P7, a girl
twin) remained asymptomatic. All RSV positive babies were stabilized, 6 of them – discharged home, one was transferred to the
Paediatric department, and later discharged too.

For Patient 1 (P1) the clinical RSV-related symptoms and the RSV-PCR positive test occurred after 3 injections of palivizumab, in
P2, P6, and P7 - after one injection. These infants were of gestational age 26–27 GW and had underlying BPD, only one of them
(the girl) remained without respiratory deterioration. For P3, P4 and P5 palivizumab prophylaxis had not yet been started before
the �rst RSV (+) test. Their gestational age was greater (31–33 GW), they were without BPD and the clinical symptoms of LRTI
were mild or moderate.

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

At the Departement for healthy newborns: intensi�cation of the disinfection regime; restricting visits for relatives other than the
mother; denied access for medical staff/parents with respiratory symptoms. As a result of these measures, the epidemic situation
was put under control, and after 18.02.2019 there were no new cases with RSV-related respiratory symptoms in full-term infants
during the stay in the neonatology ward or following their discharge home.

At the NICU: The RSV-positive patients were isolated from those, who were in contact with them, but asymptomatic until RSV-
testing was performed, as well as from those who were not in contact. Palivizumab was administered to all symptomatic and in-
contact patients (26infants in total): in 22 of them, it was 1st application, in 4–a booster dose.

Discussion
Here, we describe the �rst nosocomial RSV-epidemic outbreak in a neonatology clinic in Bulgaria since the introduction of routine
RSV-diagnostics by PCR (2013/2014). RSV is the most common viral pathogen in LRTI infections for infants aged less than
5 years of age. According to various authors, RSV causes 50–90% of hospitalizations due to bronchiolitis, 5–40% of those due to
pneumonia, and 10–30% due to tracheobronchitis [18–21]. In Bulgaria, for the three seasons − 2015/16, 2016/17, and 2017/18,
RSV was identi�ed in 44.5% of the infants with bronchiolitis and 25.1% of those with pneumonia [15]. Prevalence of different
serotypes during different seasons was established: so during the season of 2014–2015, RSV-A dominated, while over the next
three seasons - RSV-B dominated [14, 15]. In all our NICU-samples, where typing was possible, RSV-B was proven. There is a
pronounced seasonality of the RSV-infections, which for our country is during December-March with a peak of diseases in
February [14, 15], i.e. the epidemic outbreak described here occurred in the second half of the RSV season. The full-term infants
affected by the reported outbreak developed LRTI symptoms in the days following discharge home. Twelve of all newborns
required short-term re-hospitalization, but the symptoms were resolved quickly and without complications.

In preterm infants, especially those with BPD, RSV-disease is signi�cantly more severe with lower respiratory tract involvement or
pneumonia. A bacterial infection is often superimposed, such as in our two most severely affected infants who needed intubation
and mechanical ventilation. Infants with higher risk often require re-hospitalization. If the infection occurs in the hospital,
discharge is delayed for various periods. In our population of premature babies, this period was between one week for milder
cases and over 2 months for the infant with severe underlying BPD and the most severe deterioration. Two infants were returned
to mechanical ventilation, for P1 the condition remained critical for several days. For these two babies, the superimposed
ventilator-associated pneumonia caused by Enterobacter cloacae (P1) and Stenotrophomonas malto�lia (P2) further delayed
recovery (Table 1).

Following its licensing in 1998 RSV immunoprophylaxis with palivisumab has been implemented in more and more countries
with differing reimbursement criteria, which vary over the coming years [10, 22, 23]. According to the guidelines of the American
Academy of Paediatrics (AAP) until 2014 in many countries RSV immunoprophylaxis was administered to premature infants of
gestational age (GA) < 35 GW [22, 24]. This has led to a reduction of RSV-hospitalisations for these groups. Several prospective
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clinical trials have demonstrated the e�cacy of 45–82% against RSV-related hospitalizations in high-risk infants [9, 12, 13].
Because palivizumab is very expensive a lot of cost-effectiveness analyses were performed but they do not provide de�nite
recommendations for prophylaxis according to gestational age [25–27]. Furthermore, palivizumab has a half-life of 18–21 days,
meaning that monthly injections are required to maintain protective titers during the RSV-season. So in the following years in
some countries according to cost-bene�t analyses, the reimbursement criteria for Palivizumab prophylaxis were limited to only
the most vulnerable infants: those born preterms at ≤ 29 weeks of gestation; infants with BPD or hemodynamically signi�cant
congenital heart disease [23, 24, 28]. The impact of these restrictions on RSV morbidity was controversial. Belleudi, et all. [24]
report that in Italy the restricted use of palivizumab following the reimbursement limitations from 2016 was not associated with a
signi�cant increase in hospitalization rate for infants of 29–35 g.w. Nevertheless, in 2017 AIFA decided to eliminate the
reimbursement restrictions, and recommended palivizumab prophylaxis for infants born at gestational age 30 to ≤ 35 GW and a
chronological age ≤ 6 months at the beginning of the epidemic season [24].

The reimbursement of RSV prophylaxis with palivisumab in Bulgaria has been implemented since 2010, initially covering only the
most high-risk group of newborns - those with BPD. In the following years, the criteria were gradually extended to all infants with
GA < 30 GW up to 1 year of age; these < 2 years of age and requiring treatment for BPD within the previous 6 months, or with
hemodynamically signi�cant CHD. Starting season 2019/2020 palivisumab is also reimbursed for preterm infants with
gestational age 30 to < 32 GW and < 6 months at the start of the RSV season. The in-hospital administration of palivisumab is not
reimbursed. This means that preterm babies born just before or during the RSV season (December-March for Bulgaria) do not
receive passive in-hospital RSV prophylaxis and there is an increased risk of RSV disease. The practice in our NICU is to start off-
guideline (without reimbursement) palivizumab-prophylaxis at the end of the �rst month of life for premature infants born in
October – December, and with the highest risk of developing BPD and RSV complications respectively. The epidemic outbreak
described in this report affected 2 groups of newborn infants without a direct link between them. Of the NICU patients, RSV-
disease developed most critically for infants with severe BPD, despite ongoing prophylaxis with Palivisumab. This means that
after the �rst application passive immunity is still insu�cient to prevent RSV-disease and that the morphological immaturity of
the lung with BPD-related changes contributes to the development of severe RSV-LRTI. In full-term infants, RSV infection occurred
as bronchiolitis in the days following discharge home and required short-term hospitalization, or treatment at home, followed by
recovery without complications. In these cases, passive immunity provided by transplacental anti-RSV antibodies from the
mother would help reduce RSV-disease and hospitalizations in otherwise healthy term or near term newborn infants.

Active immunization of women during pregnancy, for prevention of severe RSV disease during the neonatal period and early
infancy, remains a challenge. The suitable vaccination timing during pregnancy, the second or third trimester, is also under
discussion. It should be su�cient to ensure the mother develops immunity, maximize transplacental antibody transfer to the
fetus, and protection of the newborn, including for those born preterms, who are at increased risk of severe RSV disease, [29]. RSV
vaccine research and development activities have increased signi�cantly in recent years [20, 30, 31]. 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 [32].

Conclusions
The reported nosocomial epidemiological outbreak of RSV infections in neonates was the most serious since the RSV-PCR
diagnostic in Bulgaria was introduced. It happened during the second half of the local RSV-season. The majority of the affected
immature infants had no prophylaxis yet or had received only a single dose of palivizumab before the respiratory symptoms
occurred. In extremely premature infants 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 palivisumab to prevent RSV disease, or
to reduce its severity and complications.

Abbreviations
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