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Abstract: With the improvement in survival rates of low-birthweight and very premature infants,
neonatal fungal infection, especially fungal pneumonia, is becoming more and more common, but
the diagnosis is always challenging. Recently, lung ultrasound (LUS) has been used to diagnose pneu-
monia in newborn infants, but not fungal pneumonia. This paper summarizes the ultrasonographic
features of seven cases of neonatal fungal pneumonia, such as lung consolidation with air bron-
chograms, shred signs, lung pulse, pleural line abnormalities, and different kinds of B-lines. It was
confirmed that LUS plays an important role in the diagnosis of fungal pneumonia in newborn infants.
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1. Introduction

Pneumonia is one of the most common lung diseases in newborn infants and one of
the major causes of neonatal death; bacteria and viruses are the most common pathogens
of neonatal infectious pneumonia [1]. With the improvement in survival rates of low-
birthweight and very premature infants, neonatal fungal infection (FI), especially fungal
pneumonia (FP), is becoming more and more common [2-5]. It was reported that the
overall incidence of FI is 2.4 /1000 neonatal unit admissions and 18.8/1000 among infants
weighing < 1000 g [2]. The incidence of FI was reported as 7.3% in Korea [3], 0.33 per
1000 live births of hospitalized neonates in Japan [4], and 0.74 per 1000 preterm infants
discharged from NICU in China [5]. The fatality rate of neonatal FI infection is also
high; it was reported that the total fatality rate is 21% and the incidence can be as high
as 40% in infants with a birth weight of <1500 g [2,3]. Timely and accurate diagnosis
is important to enable efficient treatment and improve the prognosis of patients with
neonatal pneumonia. Recently, lung ultrasound (LUS) has been successfully used to
diagnose several kinds of neonatal lung diseases, such as meconium aspiration syndrome
(MAS) [6,7], respiratory distress syndrome (RDS) [8,9], transient tachypnea of newborn
(TTN) [10,11], pneumothorax [12,13], pulmonary hemorrhage [14], bronchopulmonary
dysplasia (BPD) [15], bronchiolitis [16], and congenital lung malformation [17,18]. LUS has
especially been widely used in the diagnosis of neonatal pneumonia, including bacterial
or viral pneumonia, but not including fungal pneumonia [19-23]. Since March 2017, LUS
has completely replaced chest X-ray (CXR) for routine diagnosis and differential diagnosis
of neonatal lung disease in our neonatal intensive care unit (NICU) [24], and during this
period, FP was diagnosed seven times. This paper summarizes the ultrasound imaging
characteristics of FP to help clinicians use ultrasound technology to make early and accurate
diagnoses of neonatal FP.

Diagnostics 2022, 12, 1776. https:/ /doi.org/10.3390/diagnostics12081776

https:/ /www.mdpi.com/journal /diagnostics


https://doi.org/10.3390/diagnostics12081776
https://doi.org/10.3390/diagnostics12081776
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-1735-840X
https://doi.org/10.3390/diagnostics12081776
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics12081776?type=check_update&version=1

Diagnostics 2022, 12, 1776

2 0f9

2. Patients and Methods
2.1. Patients

The study protocol was approved by the ethics committee of Beijing Chaoyang District
Maternal and Child Healthcare Hospital (No.2011-LC-Ped-01). Written informed consent
was obtained from the participants’ parents. LUS was performed according to the relevant
guidelines and regulations [25,26].

Seven newborn infants diagnosed with FP by the clinical team according to the criteria
described below were included in this study. There were 5 male and 2 female infants;
4 of them were delivered by cesarean section and 3 were delivered vaginally. All of the
patients were premature infants; the gestational age was from 27*! to 35** weeks, and the
birth weight was from 880 g to 4200 g. Twenty premature infants with no lung disease
admitted to the same NICU during the same period were included as controls. There were
12 male and 8 female infants in the control group. The gestational age was from 28 weeks
to 35*! weeks with a birth weight of 900 to 3900 g. The major reasons for admission were
low birth weight, poor feeding, jaundice, or sepsis, but not lung conditions. All LUS
examinations were performed by the examiners who were blinded to the clinical diagnosis.

2.2. Lung Ultrasound Examination
2.2.1. Equipment

The GE Voluson 510 (GE Healthcare, Chicago, IL, USA) ultrasound system with a linear
array probe (frequency > 10 MHz) was used for LUS examinations. All of the examinations
were strictly performed in accordance with published guidelines and specifications [25,26].

2.2.2. LUS Examination Method

While in a quiet state, infants were positioned in the supine, lateral, or prone position.
Each lung was divided into 6 regions, which were the anterior, lateral and posterior regions
by the anterior axillary line, posterior axillary line and nipple connection line. Each region
of both lungs was scanned carefully with the probe perpendicular to and parallel to the
ribs [25,26].

2.2.3. Observation Indexes

The observation indexes included pleural lines, A-lines, B-lines, lung consolidation
with air bronchograms, shred signs, and pleural effusion. These were defined as fol-
lows [11]: (1) Pleural line: the regular echogenic line under the superficial layers of the
thorax moving continuously during respiration, while abnormal pleural lines refer to
pleural line disappearance, thickening, irregularity, or a coarse and indistinct appearance.
(2) Lung sliding: in real-time ultrasound, we find that the pleural line moves in a to-and-fro
pattern, synchronized with respiratory movement, which is called lung sliding. (3) A-line:
a series of echogenic, horizontal, parallel lines equidistant from one another below the
pleural line. (4) B-lines, also known as ultrasound lung comets: hyperechoic narrow-based
artifacts spreading in a similar way to laser rays from the pleural line to the edge of the
screen. (5) Lung consolidation: areas of hepatization with the presence of air bronchograms
and/or fluid bronchograms. (6) Air bronchograms: the hyperechoic reflection within the
region of consolidation. (7) Shred signs: the hyper echoic reflection located at the edge of
the region of consolidation. (8) Pleural effusion: anechoic-dependent collections limited
by the diaphragm and the pleura. (9) Lung pulse: when the lung consolidation is large
enough and near the edges of the heart, the consolidated lung may appear to be pulsating
in synchrony with the heartbeat under real-time ultrasound. This kind of movement is
called the lung pulse.

2.2.4. Statistical Analysis

Data analyses were performed using SPSS version 24.0 (IBM Inc; Armonk, NY, USA)
for Windows. Positive ultrasound findings were compared between the two groups using
Fisher’s exact test. We accepted p < 0.05 as indicating statistical significance.
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3. Results
3.1. Clinical Manifestations of Fungal Pneumonia

Fungal pneumonia was diagnosed by the clinical staff according to the following
criteria [2-5]: (1) Presence of fever, dyspnea, irregular breathing, or other respiratory
symptoms. (2) Fine moist rales on auscultation. (3) Significantly increased or decreased
white blood cell count and/or high C-reactive protein (CRP) level as well as markedly
decreased platelet count. (4) Blood culture and/or deep sputum culture were/was positive
for fungi, as well as a positive 1, 3-3-D-glucan test (G test). Patients were excluded if there
was no definite evidence of fungal infection, or a combination of bacterial or viral infection
simultaneously, or if they had serious complications such as pulmonary hemorrhage, etc.,
that might disturb the LUS findings.

All seven cases met the above criteria. The onset of illness occurred 10-21 days after
birth, except for one infant whose onset occurred on the second day after birth. Every
patient suffered from severe dyspnea, four had fever; CRP significantly increased and
platelet counts significantly decreased in all seven infants. The 1, 3-3-D-glucan test (G test)
was positive in all seven patients. The results of blood and/or deep sputum culture showed
Candida albicans in 5 patients, Candida parapsilosis in 1 patient, and aspergillus in 1 patient.
All of the patients received antifungal therapy; two had fluconazole and the remaining
five had voriconazole or caspofungin. Five patients were treated with invasive ventilation
and two were treated with non-invasive ventilation. Six patients recovered and were
discharged, while one of them died due to pneumothorax, subcutaneous emphysema, and
systemic multiple organ failure, which resulted in a fatality rate of 14.28%.

3.2. Ultrasound Manifestation of Neonatal Normal Lung

On B-mode ultrasound (Figure 1), the pleural line and A-line show smooth, regular
and hyperechoic lines arranged in parallel and equidistant from each other. The A-line
echoes gradually diminish until they disappear. Together, they form a kind of bamboo-like
ultrasound image called a bamboo sign. There were a few (within 72 h after birth) or no
B-lines (72 h after birth). There was no lung consolidation or pleural effusion in any of
the controls. However, under real-time ultrasound, a clear pleural line moving with the
respiratory movement, i.e., lung sliding, could be seen in all of the infants (Video S1).

Figure 1. Normal Lung Ultrasound Manifestation. On B-mode ultrasound, the pleural line and
A-line were parallel to each other, which formed a kind of bamboo-like ultrasound image, i.e., the
bamboo sign.

3.3. LUS Findings of FP

The major ultrasound findings of the seven FP cases were as following: (1) All of
the seven patients presented with significant lung consolidation with air bronchograms
as well as irregular or jagged boundaries. Generally, the consolidation could be found in
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bilateral lung fields. Three of them developed into significant atelectasis. (2) Shred signs
were visible at the edges of the consolidated areas in four severe patients. (3) Pleural line
abnormalities, including disappearance, irregularity, disruption, and coarse appearance,
were found in all seven infants. (4) Different kinds of B-lines in the non-consolidated area
meant that different degrees of lung edema co-existed. (5) Lung pulse was found in two
patients (Video S2). (6) Pleural effusion was found in two patients. The detailed lung
ultrasound findings of FP are shown in Table 1.

Table 1. Ultrasound manifestation in Neonatal fungal pneumonia (n,%).

Ultrasound Manifestation Pneumonia (n =7) Controls (n = 20) p-Value
Lung consolidation 7 (100) 0 (0) <0.001
Pleural line abnormalities 7 (100) 0 (0) <0.001
Pleural effusion 2 (28.6) 0 (0) <0.001
Lung pulse 2 (28.6) 0(0) <0.001
B-lines 7 (100) 3(15) <0.001

3.4. Typical Case Presentations

To our knowledge, the use of ultrasound to diagnose neonatal FP has not been de-
scribed before. In order to help clinicians better understand the ultrasonic manifestations
of FP, two typical cases are introduced here.

Case 1. This is a male premature infant delivered vaginally at gestational age 27*! weeks
with a birth weight of 890 g and no birth asphyxia, who was hospitalized at the NICU
due to severe respiratory distress 30 min after birth. His mother suffered from fungal
vaginitis, and three consecutive cultures of vaginal secretions showed Candida albicans
growth. On admission, physical examination showed significant respiratory difficulty,
which presented as a respiratory frequency of 85 breaths/min accompanied by grunting,
flaring, and retracting. On the second day after admission, both blood culture and deep
sputum culture showed Candida albicans growth, and the G test result was positive. The
LUS showed a large area of lung consolidation with air bronchograms in both lungs, with
the lung consolidation involving the entire field of his right lung. In addition, there were
obvious shred signs at the edge of the consolidation area of the left lung (Figure 2).

Figure 2. LUS manifestations of neonatal fungal pneumonia. It can be seen from the picture that both
lungs have massive consolidation with air bronchograms, which resulted in severe atelectasis. Shred
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signs can be seen at the edge of the consolidation area. In addition, there are some minor fluid bron-
chograms can be found in bilateral lung fields (arrows). (A): left lung; (B): right lung. (Arrows: lung
consolidation with air bronchograms. Dotted box: shred signs).

Case 2. This is a male premature infant delivered vaginally at gestational age 35"
weeks with a birth weight of 2900 g with no birth asphyxia, who was hospitalized at the
NICU due to RDS. Fever was present, and white blood cell count (25 x 10°/L) and neu-
trophil proportion (>90%) were significantly increased. The platelet count was <10 x 10° /L
and CRP was >100 mg/L within 24 h after birth. The infant had several complications, such
as diffuse intravascular coagulation, capillary leakage syndrome, gas leakage syndrome
and persistent pulmonary hypertension. Therefore, the infant was treated with invasive
ventilation and broad-spectrum antibiotics for more than 2 weeks. On day 20 after birth, the
infant developed severe dyspnea and fever again. LUS showed several B-lines as the main
manifestation in the left lung, but significant lung consolidation and atelectasis were found
in his right anterior upper field, right subaxillary upper lung field and right posterior upper
lung field. Subsequently, both the blood cultures and deep sputum cultures confirmed this
baby had Candida albicans infection (Figure 3).

Shred signs -’-sl'

Consolidation'with air bronchograms ,
*

Figure 3. LUS manifestations of neonatal fungal pneumonia. It can be seen from the picture that
the left lung mainly shows a few B-lines, suggesting the presence of mild lung edema. In the right
lung, there was obvious consolidation with air bronchograms and shred signs in the subaxillary
and posterior areas. Atelectasis was seen in the upper lung field of the right anterior chest. (A): the
left anterior lung field, (B): the left subaxillary lung field and (C): the left posterior upper lung field.
(A1): the right anterior upper field, (B1): right subaxillary upper lung field and (C1): right posterior
upper lung field.

4. Discussion

Generally, neonatal pneumonia is divided into three subtypes, depending on the
time of onset, which are congenital (or intrauterine) pneumonia (infection established
during fetal life), early-onset pneumonia (develops within the first week of life) and late-
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onset pneumonia (develops after the first week of life, including ventilator-associated
pneumonia). According to this classification method, most of the neonatal FP may belong
to late-onset pneumonia [1]. Preterm birth, low birth weight and long-term use of broad-
spectrum antibiotics are the main causes of neonatal fungal pneumonia [3-5].

The diagnosis of neonatal pneumonia is always a challenge. Compared to older chil-
dren and adults, neonates show fewer localized signs of pneumonia. For a long time,
in addition to hematological indicators (such as peripheral blood parameters, blood cul-
ture, etc.) [27,28], CXR examination has been the most important method to diagnose
neonatal pneumonia [1], which mainly presents as increased and thickened lung texture,
speckled small or larger patchy shadow, and may be accompanied by atelectasis or local
emphysema in different lung fields. However, X-ray manifestations of neonatal pneumonia
are not specific, with poor accuracy and reliability, and will inevitably cause radiation
damage to infants. Recently, LUS has been successfully used for the diagnosis and differ-
ential diagnosis of neonatal lung disease, including infectious pneumonia [19-23], and it
was confirmed that LUS has greater accuracy and reliability in the diagnosis of neonatal
lung disease and neonatal pneumonia than CXR [29,30]. The results from a meta-analysis
showed that the sensitivity was 96% and the specificity was 98% by using LUS to diagnose
neonatal pneumonia, which was much higher than that of CXR, where the sensitivity and
specificity was only 74% and 92%, respectively [30]. Since LUS contributes to the early
diagnosis of neonatal FP, it can help clinicians make early treatment decisions and therefore
improve the patient prognosis. In this study, only one infant died due to complicated
severe multiple organ injury, giving a fatality rate of 14.28%. This is significantly lower than
previously reported fatality rates of 21~40% [2,3]. Therefore, LUS technology is worthy
of extensive development and application in NICU. Of course, the correct selection of
antifungal agents is also one of the important measures for improving neonatal prognosis.
Although fluconazole is most commonly used as a first-line agent for the treatment of
neonatal fungal infections [4,5,31,32], resistance has increased in recent years. In this study,
two patients were treated with fluconazole; however, one died, while the remaining five
patients were fully cured after treatment with voriconazole or caspofungin.

The results of this study showed that LUS is very helpful in the diagnosis of neonatal
fungal pneumonia. Lung consolidation with air bronchograms as well as irregular or
jagged boundaries are the most important LUS characteristics. Lung consolidation may
involve all lung fields of both lungs (Figure 1) or only involve part of the intercostal space
(Figure 2). Other common findings are abnormal pleural lines or pulmonary edema and
shred signs, and a small minority of infants (28.6% in this study) may have a pleural
effusion. Lung pulse is a rare ultrasound manifestation, but its occurrence suggests a large
area of lung consolidation and severe disease. If the lung lesion develops into a large area
with regular boundary consolidation, atelectasis is indicated [33]. When a premature infant,
especially an extremely low birth weight or extremely premature infant, receives broad
spectrum antibiotics in hospital but fever and breathing difficulty persist, one should think
of the possibility of fungal pneumonia, especially when the above typical LUS findings
are present. Although fluid bronchogram is seen in pneumonia, it is most common in
pulmonary hemorrhage patients, according to our experience. In addition, pneumonia
caused by various pathogens may be difficult to identify by ultrasound imaging [19,20];
therefore, timely blood culture, deep sputum culture or G test should be taken to confirm
the diagnosis. There were 2 patients (28.6%) with signs of this in our study. For infants
with severe lung consolidation and atelectasis, bronchoalveolar lavage may be necessary
for recovery [34,35].

5. Limitation

Some limitations remained in this study. The major limitation lies in the small number
of cases in this paper, which may cause deviations in the results. Therefore, the ultrasound
imaging characteristics of fungal pneumonia remain to be summarized in a large sample of
cases. Second, LUS cannot accurately determine the etiology of pneumonia; the exact etio-
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logical diagnosis still depends on serological examination. Third, only those appropriately
trained physicians are likely to perform lung ultrasound technology [25,26,36].

6. Conclusions

In conclusion, this paper describes the ultrasound imaging features of several cases of
neonatal FP confirmed by etiological examination. The most common and important LUS
feature is air bronchograms, which show areas of lung consolidation, while atelectasis and
lung pulse could be seen in severe patients. Mastering lung ultrasound technology will be
helpful for the early diagnosis and differential diagnosis of neonatal FP, so as to improve
the prognosis of newborn infants.
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with the movement of the heartbeat, which is known as lung pulse.
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