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Öz

Neonatal akut solunum sıkıntısı sendromu (ARDS), nispeten yeni bir tanıdır. Altta yatan hastalığın tedavisinden başka, özgül tedavi genellikle akciğer koruyucu 
ventilasyon stratejilerine dayanır. Şiddetli akut solunum sendromu koronavirüsü-2 gibi viral enfeksiyonlar, şiddetli ARDS ile ilişkilidir. Bağışıklık sisteminin 
etkilendiği durumlarda, viral replikasyon ve enflamatuvar süreçlerin kontrolü bozulur ve bu durum, kaçınılmaz olarak kötü sonuçlara yol açar. Bu çalışmada, 
adenosin deaminaz eksikliği ile ilişkili şiddetli kombin immün yetmezliği olan ve farklı viral enfeksiyonlar sebebi ile N-ARDS tanısı alan ve yönetilen iki 
kardeş olgusu sunulmuştur. Bu olgularda, neonatal ARDS’nin yönetimindeki zorlukları ve özellikle bağışıklık sistemi bozuklukları olan hastalarda viral 
enfeksiyonların şiddetini ve bu durumun klinik sonuçları üzerindeki etkilerini vurgulamaktadır. 
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Abstract

Neonatal acute respiratory distress syndrome (ARDS) is a relatively new diagnosis. Specific treatment, beyond managing the underlying disease, generally 
relies on lung protective ventilation strategies. Viral infections such as coronavirus-2 are associated with severe ARDS. Dysfunctions in innate immunity 
contribute to the loss of control over viral replication and inflammatory processes, inevitably leading to a more severe clinical presentation and poor outcomes. 
In this case report, we present the cases of two siblings diagnosed and managed as N-ARDS with severe combined immune deficiency related to adenosine 
deaminase deficiency. These cases highlight the challenges of managing neonatal ARDS and the severity of viral infections in patients with immune system 
disorders, underlining the impact of these conditions on clinical outcomes.
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Introduction
Acute respiratory distress syndrome (ARDS) was first defined 
in 1967(1). After 48 years, the pediatric acute lung injury 
consensus conference established the first specific definition 
for pediatric patients(2). Neonatal ARDS (NARDS), which was 
first described by de Luca et al.(3), is a relatively new diagnosis 
compared with other types. Although different drugs and 
ventilation modalities for the treatment of ARDS have been 
tried over the years, there is no specific treatment other than 
the treatment of the underlying disease, and the treatment 
mostly relies on lung protective ventilation strategies and 
therapeutic agents to improve gas exchange. Various factors 
can trigger NARDS, such as pneumonia, sepsis, aspiration, 
and asphyxia. Viral infections such as severe acute respiratory 
syndrome-coronavirus-2 (SARS-CoV-2) are associated with 
severe ARDS. Innate immunity plays a key role in antiviral 
responses. Thus, dysfunction of innate immunity may also 
contribute to the loss of control of viral replication and hence 
the severity of viral infections(4). Here we describe 2 siblings 
diagnosed and managed with NARDS. Further examination 
for underlying disease revealed adenosine deaminase (ADA) 
deficiency.  

Case Reports

Case 1

A 24-day-old infant was referred to our emergency 
department with fever for 2 days and cough for a week. This 
3150-gram female infant was born at 39 weeks of gestation 
to a 21-year-old gravida 4, para 2, and abortus 2 mother. 
The pregnancy was complicated by imminent abortus, and 
the mother had been using low-molecular-weight heparin 
(LMWH) since 20 weeks of gestation. Her initial examination 
revealed no respiratory distress, lymphopenia, slightly 
elevated C-reactive protein (CRP), and suspected right 
pericardial pneumonic infiltration on chest X-ray (Figure 
1A). Her laboratory findings are summarized in Table 1. The 
patient was hospitalized and started antibiotic treatment. 
Her quick nasal swap RSV antigen test was negative. 
Polymerase chain reaction (PCR) of nasal swap was positive 
for human parainfluenza type 3 (HPIV-3). Because of the 
gradual increase in oxygen demand in the first week of her 
hospitalization and her inability to tolerate oxygen with a 
simple mask, she was taken to the intensive care unit and 
non-invasive mechanical ventilation (NIV) was applied. 
After being followed up on NIV for 1.5 days, the patient was 

Figure 1. A: Initial chest X-ray of Case 1 (stars: cupping of costochondral junctions); B: Chest X-ray of case 1 at the time of NARDS 
diagnosis; C: Chest X-ray of case 1 on follow-up (arrow: squaring of the inferior scapular angle) D: Treatment regimen of case 1
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intubated and followed for another 2 weeks. In this process, 
the patient, who was mostly followed on the pressure 
control-assist control-volume guarantee (PCAC-VG) mode, 
was also intermittently tried for high-frequency oscillatory 
ventilation (HFOV). On the 10th day of her stay (2nd day of 
intubation), she was diagnosed with ARDS based on clinical 
and laboratory findings (Figure 2B, C). Her echocardiography 
revealed only a secundum-type atrial septal defect. Bone 
marrow aspiration was applied to the patient because 
of lymphopenia at admission, hepatosplenomegaly, and 
thrombocytopenia that developed at the time of ARDS. While 
no hemophagocytic lymphohistiocytosis was observed in 
bone marrow examination, an increase in myeloid series and 
a marked decrease in lymphoid precursors were detected. 
Intravenous immunoglobulin (IVIG) treatment for two 
days, multiple surfactant treatment, inhaled nitric oxide 
(iNO), magnesium, sildenafil, inotropes, and iloprost were 
tried for the management of ARDS and clinical pulmonary 
hypertension (Figure 2D). During her hospitalization, various 
cultures obtained from the cerebrospinal fluid, blood, urine, 
and respiratory tract was negative. Extracorporeal membrane 
oxygenation (ECMO) was considered, but unfortunately the 
patient died 22nd day of hospitalization. Due to the declaration 
of autopsy and further evaluation by the family, the patient’s 
diagnoses were not fulfilled. 

Case 2

A 20-day-old infant (sibling of case 1) was referred to our 
emergency department because of apnea. This 3110-gram 
female infant was born at 38 weeks of gestation to a 28-year-
old gravida 6, para 5, and abortus 2 mother. The patient, 
whose initial tests for apnea were performed during her 
observation in the emergency department, was followed up 
in the intensive care unit because she had recurrent apnea. 
Other than apnea, her physical examination was normal. 
Her complete blood count and biochemistry values were 
in the normal range except for lightly elevated CRP and 
transaminases (Table 1). Transfontanelle ultrasound and 
chest X-ray were normal (Figure 2A). Hence, at the time of 
hospitalization, the Coronavirus disease-2019 (COVID-19) 
pandemic was started and her nasal swap test was positive. 
On the 4th day, she needed NIV. Later that day, she developed 
acute worsening of oxygenation and was intubated, followed 
by HFOV plus volume guarantee (HFOV-VG). Chest X-ray 
revealed bilateral irregular diffuse opacity (Figure 2B, 
C). Echocardiography was normal. The patient met the 
criteria for neonatal ARDS related to COVID-19, including 
acute onset hypoxemic respiratory failure, diffuse bilateral 
lung opacification, absence of pulmonary edema due to 
cardiogenic disease, and an oxygenation index (OI) exceeding 
four. According to national/international COVID treatment 

Table 1. Laboratory results of cases 1 and 2

Case 1 Case 2

Initial At the time of ARDS 
diagnosis

Follow-up Initial At the time of ARDS 
diagnosis

Follow-up

WBC (103/uL) 3400 8800 6100 6300 7800 48900

LYM (103/uL) 400 400 100 3000 4500 800

Hb (g/dL) 13 11.3 11.2 13.5 12.1 12.7

PLT (103/uL) 258000 52.000 28.000 347.000 52.000 16.000

CRP (mg/L) 13.7 49 98.5 31.4 87.2 59

Cre (mg/dL) 0.18 0.07 0.33 0.17 0.22 1.05

ALT (U/L) 60 49 23 56 41 830

INR 1.1 1.3 1.18 1.2 1.23 3.64

pH/pCO2/HCO3

(--mm/Hg- mmol/L)
7.45/44/29 7.30/64/25.7 7.30/69/29 7.44/30.5/22 7.11/110/23.7 7.44/71.8/42.6

Oxygenation index - 10 24 - 15 28

IgA/IgM/IgG (mg/dL) 32.9/20/328.1 <10/20/1357

Respiratory tract PCR Human parainfluenza type 3 SARS-CoV-2

ARDS: Acute respiratory distress syndrome, WBC: White blood cell, CRP: C-reactive protein, PLT: Platelet count, PCR: Polymerase chain reaction, SARS-CoV-2: Severe 
acute respiratory syndrome-coronavirus-2, Hb: Hemoglobin, ALT: Alanine transaminase, LYM: Lymphocytes, Cre: Creatinine, INR:  International normalized ratio
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regimens and case reports, steroids, low-molecular-weight 
heparin, antibiotics, budesonide+surfactant combination, 
caffeine, and pentoxifylline were administered (Figure 2D). 
With this exacerbation, the family history was questioned 
in more detail, and we learned that the case had a sibling 
who had experienced similar things (Case 1). Although 
lymphopenia was not detected in the complete blood count, 
the patient’s lymphocyte panel could not be studied because 
of insufficient lymphocytes. The patient was referred to 
the immunology and hematology departments with a 
preliminary diagnosis of severe combined immunodeficiency 
(SCID) considering current information. While the tissue 
group analyses were sent from the relatives of the patient 
for bone marrow transplantation, genetic analysis was 
conducted in terms of immune deficiency from the patient. 
iNO, sildenafil, and iloprost treatments were tried because 
oxygenation got worse in HFOV-VG or PCAC-VG between 

6th and 12th day. In her last 5 days, she was ventilated on 
airway pressure-release ventilation (APRV) mode, and blood 
gas analysis was normalized. After the preparations for 
ECMO treatment, she developed disseminated intravascular 
coagulation and multiple organ dysfunction syndrome 
(MODS) despite all supplementary treatment, and she 
died on 36th day of life. Her genetic analysis revealed a 
homozygous “c.956_960delAAGAG (p. E319Gfs*3) mutation 
in the ADA gene that consisted of ADA-deficient SCID. 

Discussion
NARDS was first defined by de Luca et al.(3). According to 
Montreux standards, five diagnostic criteria must be fulfilled: 
1) acute onset of exacerbation; 2) dyspnea (r/o respiratory 
distress syndrome, transient tachypnea of the newborn, 
congenital malformations); 3) diffuse, bilateral, and irregular 
opacities or complete opacification of the lungs; 4) absence 

Figure 2. A: Initial chest X-ray of Case 2 (stars: cupping of costochondral junctions); B: Chest X-ray of case 2 at the time of NARDS 
diagnosis; C: Chest X-ray of case 2 on follow-up (arrow: squaring of the inferior scapular angle); D: Treatment regimen of case 2

COVID-19: Coronavirus disease-2019, IVIG: Intravenous immunoglobulin
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of congenital heart disease explaining the edema; and 5) OI 
≥4(3). In the multicenter cohort study, which evaluated 239 
newborns diagnosed with NARDS from 15 different neonatal 
intensive care units following this study, the prevalence 
was found to be 1.5%, while the most common etiology was 
sepsis, aspiration, and pneumonia(5).

In both our cases, all these criteria were met. The first case 
was diagnosed on the 10th day (50th day of life), and the second 
was diagnosed on 7th day (26th day of life) of hospitalization. 
In the first case, the agent that started the process was 
HPIV-3, whereas in the second case it was SARS-CoV-2. 
Both cases were previously healthy. Although parainfluenza 
virus is a much older and known virus than SARS-CoV-2, 
it usually manifests itself with self-limiting bronchiolitis 
in young children, but severe infections occur in immune 
compromised patients(6). In a study by Roberts et al.(7), viral 
etiology was detected in 212 of 544 pediatric ARDS patients, 
and the most frequently detected viruses wererespiratory 
syncytial virus (RSV), human metapneumovirus (HMPV), 
adenovirus, and influenza. In a meta-analysis by Lukšić et 
al.(8) evaluating 56091 severe lower respiratory tract infections 
under 5 years of age, at least 1 virus was detected in 50.2% 
of patients aged 0-4 years, while the most common viruses 
were similar to those found in the study of Roberts et al.(7), 
parainfluenza was detected in only 2.4% of patients. There 
are a few cases of parainfluenza-related ARDS, but only two 
cases have been reported of HPIV-3-related ARDS; one of 
them is a healthy adult and the other is a 1-year-old patient 
with transient hypogammaglobulinemia(9,10). On the other 
hand, since the beginning of the pandemic, SARS-CoV-2 has 
caused significant mortality and morbidity because of ARDS 
all over the world, especially in adults. While severe disease 
has been observed at very low rates in the childhood age 
group, in a study of 66 newborns, only 5% of the patients 
needed mechanical ventilation(11). Similarly, in the review of 
Raschetti et al.(12), 176 SARS-CoV-2-positive newborn cases 
were evaluated, and 70% of them were found to be infected 
in the postpartum period. ARDS was not detected in any 
case, although respiratory findings were prominent in 52% 
of the cases(12). After these publications, ARDS was reported 
in 5 neonatal cases, and only one of the patients died(13-17). 

The first patient was hospitalized for follow-up with upper 
respiratory tract symptoms and remained quite stable in 
the first few days of hospitalization. She was diagnosed with 
moderate ARDS on the 10th day of hospitalization because of 
rapid deterioration and inability to provide ventilation and 
oxygenation despite intubation, high FiO2 requirement, and 

an OI of 10. On chest X-ray, there were diffuse opacities and 
no condition to explain this in the echocardiography (Figure 
1B, C). However, her sister, the second case, was diagnosed 
with moderate-to-severe ARDS on the 6th and 7th day of 
hospitalization with a more rapid worsening and a more 
severe clinic, with an OI of 15. Earlier worsening of the patient 
was considered consistent with the mean clinical worsening 
time in COVID-19-positive adult and pediatric cases(18,19). 

Currently, there is no clear approach for medications 
and ventilation methods in the management of NARDS. 
Surfactant therapy is a common treatment for preterm 
newborns or neonates with secondary surfactant deficiency. 
Furthermore, the benefits of surfactant administration 
have been demonstrated even in adults, where SARS-
CoV-2 has been shown to reduce surfactant production 
by damaging type 2 pneumocytes(20,21). On the other hand, 
ARDS itself, with its inflammatory cascades, reduces the 
surfactant. Although recurrent surfactant applications 
were made with the diagnosis of NARDS in both of our 
cases, only short-term clinical benefit was achieved, as 
reported in other studies(13,14). In our second case, surfactant 
was administered along with budesonide because cases of 
N-ARDS had previously benefited from this treatment(22). 
Although no signs of pulmonary hypertension were detected 
in the echocardiographic examination of the patients, iNO 
treatment was tried once in the first case and twice in the 
second case as a rescue treatment to correct the ventilation 
perfusion imbalance; however, the treatment was not 
continued because of the lack of clinical response similar 
to other SARS-CoV-2 positive NARDS cases(13,14). Similarly, 
magnesium, sildenafil, and iloprost treatments, which were 
thought to be beneficial, did not provide clinical improvement 
in patients. With regard to ventilation strategies, lower 
tidal volumes and higher positive end-expiratory pressure 
(PEEP) levels have been considered appropriate in ARDS 
management. In the first case in 2014, HFOV was only used 
three times for recruitment maneuver, she was mainly 
followed on PCAC-VG mode, and day after day her PEEP was 
getting higher starting from 6 to 15 cmH2O. The second case 
was followed on HFOV mode; on the 3rd-4th day her PCO2 levels 
were getting higher and she needed to be transferred into 
conventional ventilation (PCAC-VG). While in the HFOV-VG 
mode, oxygenation was better, ventilation deteriorated, and 
in the PCAC-VG mode, the opposite was the case. Although 
intermittent recruitment maneuvers were performed in both 
modes, there was only temporary well-being. Although 
the APRV mode has been a frequently preferred mode in 
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the acute lung injury of adult patients, especially with the 
COVID-19 pandemic, there are not enough studies on its 
use in the pediatric age group, especially in newborns(23). In 
some animal experiments, neonatal case reports and case 
series, and pediatric randomized controlled trials, it has 
been shown that it can be used as a rescue mode for open 
lung strategy in patients(24-27). Our patient was followed in the 
APRV mode for the last 5 days because she could not provide 
the appropriate conditions for ECMO and ventilation and 
oxygenation balance could not be achieved despite all other 
supportive treatments, together with the other two modes. 
In this process, the patient’s blood gasses were observed 
at more normalized values compared with the other two 
modes. 

Similar to the treatment of ARDS, there are no definite and 
clear recommendations for the treatment of SARS-CoV-
2-infected children. For newborns, recommendations are 
based on case reports and adult studies. In a systematic 
review study of patients under the age of 1 with a diagnosis 
of COVID-19, conducted by Raba et al.(18), approximately half 
of the patients were treated with interferon, one-third with 
antibiotics, and only a few with steroids and immunoglobulin. 
Although the World Health Organization recommends 
steroid treatment for all COVID-19-infected patients, there 
is still no definite recommendation for children. Considering 
various guidelines and treatment protocols, the patient was 
treated with steroids, LMWH, and IVIG(27-29).  

In a study by Peyneau et al.(4), COVID-19-positive patients had 
adaptive innate immune deficiency, which is associated with 
disease severity and prognosis because of the loss of control 
of viral replication. In the second case, lymphopenia was not 
detected in the first five hemograms of the patient. At the 
same time, although the patient’s peripheral blood smear 
showed several normoblasts, lymphocytes were considered  
present. Upon the sudden deterioration in the general 
condition of the patient, a more detailed anamnesis was 
performed on the relatives of the patient, and the findings 
of her deceased sibling were examined in detail. Lymphocyte 
panel analysis was requested, and lymphopenia was found 
in the patient. The patient’s previous normal lymphocyte 
values were attributed to the counter counting normoblasts 
as lymphocytes. The repeated COVID-19 polymerase chain 
reaction test results were positive in the samples taken 
intermittently during hospitalization. When the chest 
radiographs of the patient were evaluated retrospectively, it 
was seen that there was no thymus shadow and the presence 

of squaring of the inferior scapular angle and cupping of 
costochondral junctions (Figure 1 and 2: Arrows and stars) 
also supported ADA-SCID(30). Early diagnosis of ADA-SCID 
and initiation of treatment is essential; otherwise, it is a fatal 
condition. Therefore, in many countries, unfortunately in our 
country, SCID is slowly being integrated into the neonatal 
screening program. ADA-deficient SCID is characterized 
by severe lymphocytopenia affecting T-and B-lymphocytes 
and NK cells; however, because of the ubiquitous nature 
of the enzyme, non-immunological manifestations are 
also observed, including neurodevelopmental deficits, 
sensorineural deafness, and skeletal abnormalities(31). due 
to severe deterioration of cellular and humoral immunity, 
ADA deficiency typically manifests early in life with severe 
infections and failure to thrive, and affected individuals 
normally die in the first or second year of life without 
treatment. Early definitive therapy with hematopoietic stem 
cell transplantation results in a good overall outcome(31). 

Conclusion
Neonatal ARDS is a fairly new diagnosis; regardless of the 
cause, its management is very difficult and there are no 
definitive guidelines. However, in case of severe clinical 
manifestation with atypical organisms or unexpected clinical 
manifestations with known organisms, detailed re-evaluation 
of the patient and his/her history are of vital importance, 
especially in countries where immune deficiencies are not 
screened in the newborn screening program.
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