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Surfactant protein D: a predictor for severity of
community-acquired pneumonia in children
Nagwan Yossery Saleh1, Reda Abdel Latif Ibrahem2, Amany Abdel hakim Saleh3,4, Shimaa El shafey Soliman3,5 and
Asmaa Abdel Sameea Mahmoud1

BACKGROUND: Surfactant protein D (SP-D) is a promising biomarker proposed for the prediction of community-acquired
pneumonia (CAP) severity. Therefore, we aimed to assess the role of SP-D in the prediction of CAP severity in pediatric patients.
METHODS: A prospective cohort study was carried out at the Pediatric Intensive Care Unit (PICU) and wards of Menoufia University
Hospital. We recruited 112 children admitted into wards with pneumonia (simple pneumonia) and 68 children admitted into PICU
with severe pneumonia (PICU admitted). World Health Organization (WHO) classification and mortality predictive scores were
calculated to determine the severity of pneumonia for the two groups, including the Pediatric Respiratory Severity Score (PRESS)
and the Predisposition, Insult, Response, and Organ dysfunction modified Score (PIROm). SP-D was measured at admission.
RESULTS: The SP-D level was significantly lower in patients with simple pneumonia than in patients with severe pneumonia
(P < 0.001). SP-D was significantly higher among children with severe pneumonia, as determined by WHO, PRESS, and PIROm (P=
0.001). SP-D was significantly higher among children with mechanical ventilation, shock, hypoxia, sepsis, and mortality. Receiver
operating characteristic curve analysis for SP-D showed that the area under the curve was 0.741 (P value < 0.001), with a sensitivity
of 85.3% and a specificity of 44.6%.
CONCLUSIONS: Serum SP-D level has a predictive value for the detection of community-acquired pneumonia severity in children.
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IMPACT:

● SP-D is a good predictor for the detection of CAP severity in hospitalized children. SP-D was correlated with severity scores and
was associated with indicators of CAP severity, including mechanical ventilation, shock, hypoxia, sepsis, and mortality.

INTRODUCTION
Community-acquired pneumonia (CAP) is defined as symptoms
and signs of lung parenchyma infection in a previously healthy
child who acquired the infection in the community.1 CAP is one
of the leading causes of mortality in children under the age of 5
years in developing countries.2

According the World Health Organization (WHO), 156 million
children <5 years old are diagnosed with pneumonia each year; 20
million of these children are admitted to the hospital, and >2
million die.3

Surfactant protein D (SP-D) is a protein found in surfactant that
is produced by type II alveolar epithelial cells. Its expression is
upregulated in response to lung injury or infection.4

SP-D is important for lung stability, and its composition and
functional state are changed during pneumonia and acute respiratory
distress syndrome.5 Elevated SP-D is a specific indicator of lung injury
and is accompanied by both acute and chronic lung disease in adults
and respiratory distress syndrome in premature infants.4

SP-D plays a vital role in host defense by recognizing the
carbohydrate components of bacteria and viruses.6 It is important

in aggregation, neutralization, and opsonization during phagocy-
tosis, resulting in direct lysis of Gram-negative bacterial cell
membranes and inhibiting the growth of bacteria and fungi in
macrophages.7 SP-D and other collectins, such as conglutinin,
mannose-binding lectin, and CL43, inhibit influenza A virus by
binding to glycans on the viral envelope proteins. Binding of these
collectins to high mannose oligosaccharides on hemagglutinin
appears to be important for viral neutralization.8–10

SP-D is increased in inflammatory lung diseases, such as lung
infections and pneumonitis, due to damage to alveolar cells.11 The
aim of the present study was to assess the role of serum SP-D in
the prediction of CAP severity in pediatric patients.

PATIENTS AND METHODS
Patients
This study was conducted on two groups of children admitted
with CAP where Group (simple pneumonia) was admitted into
wards with simple pneumonia and Group (PICU admitted) was
admitted into the PICU with severe pneumonia. All patients were
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admitted to the pediatric department of Menoufia University
Hospital, Egypt, during the period of 1 May 2017 to 30 April 2018.
All parents of the included children gave their written consent to
participate in the study. The study was approved by the Menoufia
University Ethics Committees.
Criteria for inclusion in the study included (1) age beyond

2 months up to 59 months, according to the 2014 revised WHO
guidelines, in which treatment is performed only for patients aged
from 2 months up to 59 months, (2) parental consent, and (3) any
patient admitted with CAP, defined as the presence of signs and
symptoms suggesting lower respiratory tract infection in a
previously healthy child that was acquired outside the hospital.
This was confirmed by the radiological finding of a consolidation
(British Thoracic Society guidelines).12

Criteria for exclusion included age under 2 months or older than
59 months, underlying chronic respiratory disease, persistent
asthma, suspected tuberculosis, neurologic disease, immunodefi-
ciency, immunosuppressive treatment, congenital heart disease,
patients with a diagnosis of bronchiolitis, and coexistence of
another infection with CAP, e.g., gastroenteritis and antibiotic
treatment in the last 48 h.
All patients were classified according to the revised WHO

guidelines13: the presence of tachypnea and/or chest indrawing
indicated a diagnosis of pneumonia (simple pneumonia group).
The presence of general danger signs (persistent vomiting,
lethargy or unconsciousness, seizures, severe malnutrition, stridor
in a calm child, or not able to drink) indicates a diagnosis of severe
pneumonia (PICU admitted group).
We used three severity scores, namely, the Pediatric Respiratory

Severity Score (PRESS),14 the Respiratory Index of Severity Score
(RISC)15 and the Predisposition, Insult, Response, Organ dysfunction
modified (PIROm).16 First, the PRESS score was validated in a
prospective study composed of pediatric patients in a Japanese
hospital, and pneumonia is considered severe if the score is 4–5.
Second, the RISC score was validated in pediatric populations of
South Africa, and a score of 3 or more indicates a poor prognosis.
Finally, the PIROm score was validated in Paraguay in a retrospective
study and a score of 5–6 indicates severe pneumonia, while a score
of 7–10 indicates very severe pneumonia.
Criteria for Pediatric Intensive Care Unit (PICU) admission

included (1) the need for invasive or noninvasive mechanical
ventilation, (2) impending respiratory failure, (3) oxygen saturation
(SPO2) <92% on inspired oxygen ≥50%, (4) signs of shock, and (5)
altered mental status.1

The primary outcome measure was development of any
indicator of pneumonia severity, such as hypoxia, shock, sepsis,
or death, within 30 days. Patients who experienced hypoxia,
shock, and sepsis were consequent with the development of CAP.

Methodology
A complete workup was performed, including history taking and
physical examinations, for all patients. For each patient, the vital
signs and oxygen saturation were monitored. Systemic inflamma-
tory response syndrome (SIRS) and sepsis were defined according
to the criteria established by the international pediatric sepsis
consensus conference.17 A patient was considered as having
sepsis if there was evidence of SIRS in the presence of or as a
result of suspected or proven infection. Hypoxia was defined as a
sustained peripheral SPO2 <94%.18 Shock is defined as a condition
in which peripheral tissues and end organs do not receive
adequate oxygen and nutrients. The body compensates for shock
through various mechanisms, most commonly through increased
heart rate to increase cardiac output.19,20

Furthermore, mortality predictive scores were calculated to
determine the severity of pneumonia for the two groups,
including the PRESS to evaluate the severity of respiratory tract
infections, the RISC in children for respiratory infections, and the

PIROm; this score evaluates clinical criteria and radiological and
laboratory data collected from clinical data.
The laboratory workup for all participants included collection of

1 ml of blood into an EDTA-containing tube for complete blood
count by a Sysmex XN-1000 (Japan; 19723), and another 2 ml of
blood was evacuated into a plain tube and left to clot and then
centrifuged for 10min at 4000 R.P.M. The obtained sera were
utilized for estimating the SP-D level, which was accomplished by
a sandwich enzyme immunoassay technique using the Quantikine
Kit for Human SP-D Immunoassay, catalog number DSFPD0, USA &
Canada, R&D Systems, Inc.16 This kit has a sensitivity of 0.11 ng/ml
for SP-D detection, with an intra-assay precision of coefficient of
variation (CV) <10% and an interassay precision of CV <10%.
A single SP-D measurement was performed for all patients in
the separated sera from blood samples collected on admission.
The sera were preserved at −20 °C, and repeated freeze–thaw
was avoided as indicated to ensure the stability of SP-D. The
measurements were performed within a maximum of 2 weeks
from the time of sampling. Every sample was run in duplicate, and
the mean of both readings was estimated to ensure the precision
of results. C-reactive protein (CRP) was measured by enzyme-
linked immunosorbent assay (ELISA) using a Sun Red Elisa Kit,
China (catalog no. 201-12-1799). The laboratory investigators were
blinded to clinical data. Additionally, serum electrolytes (Na and K),
arterial blood gases, liver enzymes (alanine transaminase and
aspartate aminotransferase), and serum creatinine were estimated
as part of usual clinical care. Other laboratory tests or radiological
investigations were performed when appropriate.

Statistical analysis. Data analysis was performed using the IBM
SPSS software version 20.0 (SPSS, Inc., Chicago, IL, USA). Descriptive
analyses, e.g., percentage (%), mean, standard deviation (SD),
median and interquartile range, t test, and Mann–Whitney U test,
were used to compare quantitative data, while the Chi-square test
was used for qualitative data. Spearman correlation was also
performed. The diagnostic power of the SP-D was evaluated by the
receiver operating characteristic (ROC) curve with the Youden index
to select the optimal cut-off values. The independent risk factors
for PICU admission were evaluated using binary logistic regression
analysis. A two-sided P value <0.05 was considered statistically
significant.

RESULTS
The studied patients consisted of 180 children with CAP,
including 112 (62.2%) with simple pneumonia and 68 (37.8%)
with severe pneumonia. Their main demographic and clinical
characteristics are shown in Table 1 and were recorded on
admission. Pathogenic bacteria were isolated from blood culture
in only 15 patients (22.1%). The organisms were Streptococcus
pneumoniae (11patients), Staphylococcus aureus (2 patients), and
group A beta hemolytic Streptococci (2 patients). Clinical
indicators of pneumonia severity, such as the need for
mechanical ventilation, hypoxia, shock, and sepsis, presented
in the PICU admitted group as 38.2, 70.6, 35.3, and 33.8%,
respectively. All patients of the PICU admitted group and 48.2%
of patients of the simple pneumonia group had SIRS criteria.
These clinical indicators were secondary to CAP.
Serum SP-D was significantly elevated among PICU admitted

compared with simple pneumonia [259.65 (199.94–313.79 ng/mL)]
versus [87.257 (69.19–189.21 ng/ml)] P= 0.001)]. Acidosis was
significantly higher in PICU admitted than in simple pneumonia
[Table 2].
SP-D was significantly higher in patients with severe pneumonia

complicated with hypoxia, shock, SIRS criteria, and sepsis and was
also higher among those needing mechanical ventilation and who
did not survive [Table 3].
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There are significant positive correlations between SP-D and RISC
score, PRESS score, PIROm score, and duration of hospital stay
[Fig. 1].
In addition, no significant correlation was detected between SP-

D and CRP, and no significant difference in CRP level was detected
between the patient group with severe pneumonia and the other
patient group.
Multivariate regression analysis revealed that serum SP-D level,

hospital-free days, mechanical ventilation need, hypoxia, shock,
and sepsis were independent risk factors for the occurrence of
severe pneumonia with odds ratios (ORs) 1.9, 2.1, 1.77, 0.91, 0.99,
and 1.07, respectively [Table 4].
The ROC curve analysis for SP-D level as a predictor of

pneumonia severity showed that the area under the curve (AUC)
was 0.741 (P value 0.001, 95% confidence interval (CI) 0.66–0.82);
at a cut-off point (79.77), the sensitivity was 85.3%, the specificity
was 44.6%, and the accuracy of the test was 60% [Fig. 2].

DISCUSSION
The protein component is important for surfactant function.
Surfactant proteins A (SP-A) and D (SP-D) belong to the collectin
protein family, which is directly related to the innate immunity of
the lung and the elimination of pathogens.21 SP-D is mainly
secreted into the alveoli; thus, an increase in serum concentrations
may reflect protein translocation caused by the abnormal increase
in alveolar–capillary membrane permeability, possibly due to the
loss of its structural integrity.22,23

Surfactant proteins SP-A and SP-D stimulate many aspects of
immune cell behavior by enhancing phagocytosis, stimulation of
chemotaxis, and reactive oxidant generation, particularly in
macrophages. In some types of lung disease or after exposures,

the balance between these inhibitory and stimulatory effects may
be disrupted and result in inflammatory injury.24 Thus, in the
present study, SP-D appeared to be a good predictor of CAP
severity in hospitalized children.

Table 1. Demographic and clinical data of the studied groups.

Studied
variables

Studied groups P value

Simple pneumonia
N= 112

PICU admitted
N= 68

Age/months

Median 31 51 0.013

IQR 20–41 35–55

Sex, N (%)

Male 56 (50.0) 47 (69.1) 0.012

Female 56 (50.0) 21 (30.9)

Weight (kg)

Median 10 7 0.001

IQR 7–14 5–11

Hospital stay/days

Median 8.5 18 0.001

IQR 7–17 10–32

Need for MV, N (%)

Ventilated 0 (0.00) 26 (38.2) 0.001

Non-ventilated 112 (100) 42 (61.8)

Hypoxia, N (%) 0 (0 %) 48 (70.6%) <0.001

Shock, N (%) 0 (0 %) 24 (35.3) % <0.001

SIRS, N (%) 54 (48.2%) 68 (100%) <0.001

Sepsis, N (%) 0 (0 %) 23 (33.8%) <0.001

Blood culture, N (%)

Positive 0 (0 %) 15 (22.1%) 0.002

Negative 112 (100%) 53 (77.9%)

MV mechanical ventilation, IQR interquartile range.

Table 2. Laboratory and radiological characteristics of the studied
groups.

Studied variables Studied groups P value

Simple pneumonia
N= 112

PICU admitted
N= 68

WBCs (1000/ml)

Median 12.2 12.3 0.434

IQR 9.50–15.3 9.0–16.5

Platelets count (1000/ml)

Median 342 300 0.030

IQR 181–401 106–360

CRP (mg/l)

Median 24 24

IQR 14–41 19–48 0.938

PH in the arterial blood

Mean ± SD 7.35 ± 0.06 7.31 ± 0.03 <0.001

Range 7.29–7.46 7.28–7.45

Surfactant protein D level (ng/ml)

Median 87.275 259.65 0.001

IQR 69.19–189.21 199.94–313.79

Radiological finding: N (%)

Lobar pneumonia 70 (62.5) 38 (55.9) 0.380

Patchy
consolidation

42 (37.5) 30 (44.1)

WBC white blood cell, CRP C-reactive protein, IQR interquartile range.

Table 3. Surfactant protein D in relation to patients’ complications
and outcome.

Studied variables No. Surfactant protein D level
(ng/ml), median (IQR)

P value

Hypoxia

Yes 80 91.5 (65–118) 0.032

No 100 51.2 (43–59)

Mechanical ventilation

Ventilated 26 88 (62–172) 0.003

Non-ventilated 154 55 (41–62)

Shock

Yes 24 59 (40–120) 0.007

No 156 39 (35–54)

Fulfilled SIRS criteria

SIRS 122 45.2 (41.3–99.2) 0.04

NO SIRS 58 38.1 (32.5–48.7)

Complicated with sepsis

Septic 39 79 (59–133) 0.004

Non-septic 141 49 (40.6–61.3)

Mortality

Survivor 169 48.2 (41–66.2) 0.001

Non-survivor 11 133 (88–166)

SIRS systemic inflammatory response syndrome, IQR interquartile range.
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SP-D level was found to be significantly higher among
children with severe pneumonia compared with those with
non-severe pneumonia regarding the severity classification
system used (WHO, PRESS, or RISC). Experimental studies have
shown that specific pulmonary bio-indicators that are secreted
from deteriorating lung tissue, such as SP-A, SP-D, Krebs von den
lungren-6, and Clara cell protein (CC-16), are effective in
determining the severity of lung deterioration.25 Similarly,
previous studies of pediatric CAP detected significantly higher
SP-D among patients with severe pneumonia.25–27 Studies of
CAP in adults had similar results.28

In addition, elevated serum SP-D, which was associated
with respiratory distress syndrome in neonates, has been reported
by finding high SP-D capillary levels in infants in need of
respiratory support, such as oxygen, continuous positive airway
pressure or ventilation.29 Furthermore, plasma SP-D is elevated in
children with acute respiratory distress syndrome (ARDS) (n= 18;
P < 0.05).30 Dahmer et al. reported a significant increase in plasma
SP-D among children with pneumonia more than those with
asthma or bronchiolitis.4

In the present study, all patients in the PICU admitted group
and 48.2% of patients in the simple pneumonia group fulfilled the

SIRS criteria. The high prevalence of SIRS was explained by the
fact that fever and tachypnea are common manifestations in
pneumonia and are among the SIRS criteria. All patients with
clinical indicators of pneumonia severity (such as shock, sepsis,
and mechanical ventilation need) had SIRS.
However, almost all patients with SIRS did not show manifesta-

tions of disease severity. In fact, the utility of SIRS has been
challenged and was eventually removed from the definition of
sepsis in adults (Sepsis-3)31 since many patients with SIRS never
develop adverse clinical outcomes, and many patients with organ
dysfunction do not fulfill SIRS criteria. SP-D is an inflammatory
mediator; its level was significantly higher in patients with SIRS,
but patients with clinical indicators of pneumonia severity tended
to have SP-D levels higher than the median levels of the SIRS
subgroup.
Clinical indicators of pneumonia severity, such as need for

mechanical ventilation, hypoxia, shock, and sepsis, presented in
PICU admitted as 38.2, 70.6, 35.3, and 33.8%, respectively. Patients
who experienced these clinical indicators were consequent to the
development of CAP, which is the most common cause of sepsis
in many studies.32,33 Approximately 40–50% of patients with
sepsis present respiratory sources of infection.34 In addition, a
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large adult study suggested that severe sepsis is a common
feature in CAP (48% of hospitalized patients), with 4.5% of patients
developing septic shock.35

There are significant positive correlations between SP-D and RISC
score, PRESS score, PIROM score, and duration of hospital stay. There
are strong positive correlations with PRESS and moderate positive
correlations with both RISC and PIROm scores. These findings
support the use of SP-D in the assessment of pediatric CAP severity
and are consistent with a prior study that demonstrated correlations
between SP-D and pneumonia severity scores, such as the
pneumonia severity index (PSI).27 Furthermore, the ROC curve
analysis for SP-D as a predictor of pneumonia severity showed that
the AUC was 0.741 (P value < 0.001, 95% CI 0.66–0.82), its validity at
a cut-off point was 79.770, the sensitivity was 85.3%, the specificity
was 44.6%, and the accuracy of the test was 60%. To our knowledge,
no prior studies have evaluated SP-D in relation to the other
pneumonia severity scores in pediatric patients. Further analysis of
our data will be required to determine the relationship of SP-D to
pneumonia severity scores.

SP-D was significantly elevated among patients with shock,
hypoxia, or needing mechanical ventilation and in patients
complicated with sepsis. In addition, SP-D showed a strong positive
correlation with the length of hospital stay. A study by Ichiyasu
et al.25 showed that serum SP-D levels were higher in severe cases
requiring intensive care. Mosbah et al.26 determined that serum SP-
D levels were higher in patients who required mechanical ventilation
support and oxygen supplementation. These two studies indicate
that the serum SP-D level increases in severe pulmonary infection.
Another study demonstrated a significantly higher SP-D among
children with mycoplasma pneumonia who had severe disease.36

Additionally, there was a significant correlation between serum
SP-D level and hospitalization duration in patients with bacter-
emia.27 Dahmer et al.4 showed that elevated SP-D levels were
associated with duration of mechanical ventilation (P= 0.012),
length of PICU stay (P= 0.019), highest oxygenation index
(P= 0.040), and death (OR 1.02; CI= 1.01–1.04; P= 0.004).
However, no significant correlation was detected between SP-D

and CRP, and no significant difference in CRP level was detected
between the patient group with severe pneumonia and the other
patient group. Acıkgoz et al.27 noted that there were no significant
correlations between serum SP-D level and CRP, total white blood
cell, or neutrophil count (r= 0.064, P= 0.773; r= 0.221, P= 0.310;
and r= 0.339, P= 0.114, respectively). A previous adult study
showed no differences in CRP levels between severe and non-
severe CAP patients, and no significant correlation was found
between PSI and CRP concentration.37 Pertseva et al.38 reported no
correlation between SP-D and CRP in patients with CAP before and
after antibacterial therapy (R= 0.095, P= 0.589; R= 0.159, P= 0.363,
respectively). This can be explained by the fact that the serum CRP
level may take 6 h to rise, and the peak is reached at approximately
48 h,39 which leads to a lack of correlation of CRP with pneumonia
severity and SP-D levels.
Regarding SP-D as a potential prognostic biomarker for

pneumonia outcome, we showed that the highest SP-D level
was found among the patients who died. Carlos et al.40 noted that
higher circulating levels of SP-D are associated with higher
mortality risk in patients with pneumonia due to the A/H1N1 virus.
Different studies have demonstrated that SP-A and SP-D are

important biomarkers of interstitial pulmonary fibrosis, where high
levels of these surfactant proteins are predictors of mortality.41

Spoorenberg et al.42 found that patients with high SP-D levels and
PSI classes 4–5 were significantly associated with 30-day, 1-year,
and long-term mortality.
SP-D was also used to differentiate groups of patients at highest

risk for adverse clinical outcomes, as a change in SP-D level over
the first 3 days among patients with acute lung injury/ARDS is
associated with adverse clinical outcomes.43

Table 4. Multivariate regression analysis of risk factors for pneumonia severity.

P value OR 95% CI (lower–upper) Hosmer–Lemeshow P value

Age/months 0.58 0.77 0.09–7.87

Sex/N (%) 0.34 0.88 0.11–10.76

Weight (kg) 0.11 0.56 0.23–5.67 4.22 0.675

Platelets count (1000/ml) 0.18 1.18 0.44–8.53

Serum surfactant protein D level (ng/ml) 0.04 1.9 1.6–6.43

Hospital-free days 0.03 2.1 1.6–10.79

Need for MV 0.045 1.77 0.43–5.57

Hypoxia 0.04 0.91 0.33–4.65

Shock 0.03 0.99 0.21–3.76

Sepsis 0.007 1.07 0.77–7.65

MV mechanical ventilation, OR odds ratio, CI confidence interval.
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Future studies are needed to investigate whether these agents
are useful for the amelioration of pneumonia severity. There are
some limitations of our study. First, the sample size was small;
therefore, our main conclusions were about the relationship
between SP-D and pneumonia severity classifications and other
clinical parameters of severity rather than mortality itself. Second,
we did not have any values for procalcitonin or lung ultrasound
score. Third, the SP-D level was not measured serially over the
disease course to determine exactly when it started to rise, when it
reached a peak, and when it began to decline with effective
treatment. In addition, the utility of SP-D for differentiating viral
from bacterial infections was not evaluated by our study because
that goal was not included in the aim of our study; rather, we
aimed to use SD-P as an effective bio-indicator for determining
the clinical severity of CAP in children.

CONCLUSION
SP-D seems to be a good predictor for the detection of CAP
severity in hospitalized children. SP-D was correlated with PRESS
score, RISC score, and PIROm score. It was also associated with
indicators of CAP severity, including PICU admission, mechanical
ventilation, shock, hypoxia, sepsis, and mortality. Future larger
studies are needed to confirm these findings and to directly
evaluate the association of SP-D with mortality risk in CAP.
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