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Background: Clinical manifestations for pneumonia vary from mild to severe. The PIRO model (predisposition,
insult, response, organ dysfunction) was used as scoring system to determine severity of sepsis and pneumonia in adult
patients. The PIRO model was modified for sorting the severity of pneumonia in children and predicting its risk of
mortality.
Methods: An ambispective cohort study of pneumonia patients aged 1 month to ≤ 18 years admitted over the period
from May to September 2020. Data were collected from history, physical examination, laboratory examination, and
chest radiography. Based on bivariate analysis (p<0.05 and relative risk (RR) with 95% confidence interval), variables
of each PIRO component that were significant for mortality were assigned a value of 1. The cut-off score for predictor
of mortality was calculated using the receiver operating characteristics (ROC) curve and the scores were stratified into
three degrees of risk based on interquartile range, score ≤Q1 was categorized as low risk; Q1-Q3 was categorized as
moderate risk; and score >Q3 was categorized as high risk. 
Results: Out of  the 80 subjects enrolled, 6 months-5 years was the largest age group (56.3%). The observed mortality
was 15/80 (18.8%). The modified PIRO severity score was compiled from significant variables of predisposition (mal-
nutrition), insult (chest radiograph), response (hypoxemia, hypotension, CRP >0.5 mg/dL, PCT >0.5 ng/dL) and organ
dysfunction, with range of score 0-7. Score >3 was categorized as a cut-off point score for predictor of mortality with
AUC 0.919 (95% CI 0.836–0.968), sensitivity of 80%, and specificity of 84.62%. Subjects with score >3 have RR of
10.544 compared to those with score ≤3. The stratification of score level was low (≤2), moderate (3-4), and high (5-
7). The mortality levels were 0%, 46.7%, and 53.3%, respectively. 
Conclusions: Modified PIRO severity score can be used as a sorting tool and predictor of mortality risk in children
with pneumonia. This score can also be used to select candidates for intensive care, especially in health facilities with
limited intensive care capacity.
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Introduction
Pneumonia is the leading cause of death in children world-

wide. More than 800.000 children under 5 years of age died of
pneumonia in 2017 [1,2]. Clinical manifestations of pneumonia
vary from mild to severe. Children with pneumonia may present
with numerous signs and symptoms such as fever, cough, tachyp-
nea, breathing difficulty, wheezing, headache, abdominal pain, and
chest pain. Thorough assessments of clinical symptoms and risk
factors are very important to determine outcome of the diseases
and to identify children who require hospitalization and even
intensive care [3]. Using a scoring system can help determine the
severity of pneumonia. Many scoring systems have been widely
used in adult patients, like Pneumonia Severity Index (PSI),
CURB-65, CRB-65, SMART-COP, PIRO (predisposition, insult,
response, organ dysfunction)[4-6]. However, there is little infor-
mation available regarding scoring systems in children with pneu-
monia [6].

The PIRO (predisposition, insult, response, organ dysfunction)
model has long been used for adult patients with sepsis [7]. The
model was adopted to predict mortality in adult patients with com-
munity-acquired pneumonia requiring intensive hospitalization
[4]. In 2016, PIRO was modified into a scoring system to be used
in children with community-acquired pneumonia. This modified
PIRO score consists of predisposition (age <6 months, comorbidi-
ty), insult (hypotension, hypoxia, bacteremia), response (multilo-
bar or complicated pneumonia), and organ dysfunction. It can pre-
dict the risk of mortality in children with community-acquired
pneumonia accurately. This score (0-10) can also be used to select
patients who candidate for intensive care unit [8].

A study about severity score in pediatric pneumonia has never
been carried out in Indonesia. As a consideration, the demographic
characteristics of Indonesia (lower-middle-income country) are
slightly different from the country in which previous studies were
carried out (upper-middle-income country) [9]. Therefore,
researchers would conduct the study to sort the severity of pneu-
monia in children and predict its risk of mortality. The researchers
added several variables that have not been analyzed in the previous
studies such as source of infection (community-acquired or noso-
comial pneumonia), levels of C-reactive protein (CRP), and the
levels of procalcitonin (PCT).

Methods
This ambispective cohort study was conducted in pneumonia

patients from the age of 1 month to 18 years old, who were admit-
ted at Hasan Sadikin Hospital from May to September 2020. This
study was based on the medical records of pneumonia patients
admitted in the above period and pneumonia patients hospitalized
in August to September 2020 as well. In this study, pneumonia was
defined as a lower respiratory tract infection characterized by
fever, respiratory symptoms, and evidence of pulmonary parenchy-
mal involvement based on physical examination or infiltrates on
chest radiograph [10]. In this study, exclusion criteria were bron-
chiolitis, laryngitis, laryngotracheobronchitis, previous history of
liver, kidney, and coagulation disorder. The drop-out criteria for
the study were patients who returned home before the completion
of the treatment and patients who died with a non-pneumonia
cause.

Data were collected from history, physical examination, labo-
ratory examination, and chest radiograph. All variables were deter-
mined based on operational definitions. Malnutrition was deter-
mined by weight/height ratio or body mass index for age ≤2 SD.
Congenital heart diseases were confirmed by echocardiography.

Malignancy, human immunodeficiency virus (HIV) infection,
steroid therapy (equal to prednisone at dose 2 mg/kg/day for more
than 2 weeks), and immunosuppressant treatment were included to
immunosuppression category. The source of pneumonia infection
was divided into community-acquired (no history of hospitaliza-
tion for 14 days before the onset of illness) or nosocomial (after 48
hours hospitalization).

Subjects were considered hypoxemic if oxygen saturation
using oximetry was less than 90%. Hypotension was defined as the
systolic blood pressure below the 5th percentile for age. Subjects
were considered to have organ dysfunction (cardiovascular, hema-
tological, respiratory, renal, liver, and neurological) based on the
International Pediatric Sepsis Consensus Conference (IPSCC)
diagnostic criteria [11]. Chest radiograph was divided into simple
(lobar infiltrates) and complicated (multilobar infiltrates, empye-
ma, and pleural effusions).

Descriptive data were presented in numbers and percentages
for categorical data, while mean, standard deviation, median and
range values for numeric data. Analysis calculation used chi-
square statistical test to analyze the relationship between two cate-

Table 1. Baseline characteristics (n=80).

Characteristics                                     No. of patients            %

Age (months)                                                                                                         
            Median (range)                                             23.5 (1-210)                      
Age group                                                                                                                
            1 month - <6 months                                            12                             15
            6 months - 5 years                                                 45                           56.2
            ≥5-18 years                                                              23                           28.8
Gender                                                                                                                     
            Male                                                                          46                           57.5
            Female                                                                     34                           42.5
Comorbidity                                                                                                            
            Malnutrition                                                            36                             45
            Congenital heart disease                                     14                           17.5
            Asthma                                                                      2                              2.5
            Immunosuppression                                             23                           28.8
Source of infection                                                                                               
            Community                                                              65                           81.3
            Nosocomial                                                             15                           18.8
Clinical characteristics                                                                                        
            Hypoxemia (SpO2 <90%)                                     67                           83.8
            Hypotension                                                             9                             11.3
Organ dysfunction                                                                                                
            Cardiovascular                                                        21                           26.3
            Respiratory                                                              22                           27.5
            Renal                                                                          3                              3.8
            Liver                                                                           5                              6.3
            Neurological                                                             7                              8.8
            Hematological                                                          5                              6.3
Laboratory                                                                                                              
            Leukocytosis                                                           40                           50.0
            Leukopenia                                                               7                              8.8
            CRP >0.5 mg/dL                                                      58                           72.5
            PCT >0.5 ng/mL                                                      22                           27.5
            Positive bacterial blood culture                          8                             10.0
Chest radiograph                                                                                                  
            Simple                                                                      74                           92.5
            Complicated                                                             6                              7.5
Mechanical ventilation                                                      10                           12.5
Admission to intensive care unit                                    12                             15
Mortality                                                                               15                           18.8
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gorical data variables, or Fisher’s exact test if there is a cell expec-
tation value <5. Significant variables from each PIRO components
(p≤0.05) are given a score of 0 for those who are not at risk and 1
for those who are at risk. Then, RR was calculated with 95% con-
fidence intervals to identify risk factor of mortality in children with
pneumonia. Determination of cut-off point score was done and
used as a predictor of mortality using ROC curve, then calculate
the sensitivity and specificity were calculated. Stratification of
severity score is based on median and interquartile range. Score of
PIRO ≤Q1 (lower quartile) is categorized as low risk; Q1-Q3
(interquartile range) moderate risk; >Q3 (upper quartile) high risk.
Data analysis was performed using the SPSS program for
Windows version 15.0.

Results
During the study period, 80 subjects met the inclusion criteria.

The characteristics of the subjects are listed in Table 1. Most of the
subjects were male (46 of 80, 57.5%). The largest age group was 6
months-5 years (56.3%). Malnutrition was the most common
comorbidity among all subjects (moderate and severe malnutri-
tion). Patients with malignancy, long-term steroids, taking
immunosuppressive agent, autoimmune disease, and HIV infection
were included in the immunosuppression category. Community-
acquired pneumonia was more common than nosocomial pneumo-
nia. The most common organ dysfunction suffered by patients was
respiratory and cardiovascular dysfunction (shock) with a percent-
age of 27.5% and 26.3%, respectively. Some subjects had more
than 1 organ dysfunction concurrently. The study was conducted

during the pandemic of coronavirus disease (COVID-19). Some
subjects were tested on nasopharyngeal swab for the SARS-CoV2
polymerase chain reaction (PCR) as well. Out of the 80 subjects, 1
patient was confirmed COVID-19 and the subject was not included
in the study group.

Distribution and relationship between each variable of PIRO
model and mortality are summarized in Tables 2 and 3. Study
showed that age, gender, and source of infection were not predic-
tors for mortality in children with pneumonia. Malnutrition pre-
dicts mortality with RR 2.706 (95% CI 1.018-7.193). Clinical
manifestations of hypoxemia and hypotension were predictors of
mortality with RR 6.382 (95% CI 0.405-100.522) and RR 9.016
(95% CI 4.300-18.902), respectively. Overall, organ dysfunction
(cardiovascular, respiratory, renal, liver, neurologic, and hemato-
logic) was a predictor of mortality. Some subjects suffered from
multiple organ dysfunction simultaneously. All children with 1
organ dysfunction was recovered and discharged with improve-
ment. The mortality of subjects with 2 organs dysfunction was
67% (6 of 9 patients), mortality in 3 organs dysfunction was 80%
(4 of 5 patients), whereas all patients who had 4 and 5 organs dys-
function came to death. Significant laboratory variables were the
increase in CRP and PCT levels. We used CRP value of >0.5
mg/dL and PCT value of >0.5 ng/dL. These values are adjusted to
the tools used in our laboratory facilities (Siemens Dimension
EXL 200 for CRP and ADVIA Centaur BRAHMS PCT for PCT).
Complicated findings on chest radiograph were predictor of mor-
tality in children with pneumonia as well. We found positive blood
culture on 10% subjects (8 out of 80) and the resulting bacteria
were of Staphylococcus hominis, S. epidermidis, and S. haemolyti-
cus. In this study, we only checked for bacterial culture.

Table 2. Relationship of variables of PIRO with mortality in children with pneumonia.

                              Outcome   
Variable                                            Survivors        Deceased                          p                                   RR                                95% CI
                                                          (n=65)            (n=15)                                                                                                       

Age                                                                                                          0.906                                                                                         
         1 month – < 6 months                                 10                            2                                                                                        0.872                                    0.225–3.384
         6 months – < 5 years                                   37                            8                                                                                        0.889                                    0.357–2.215
         ≥ 5 years                                                          18                            5                                                                                        1.239                                    0.475–3.230
Gender                                                                                                                                                0.828                                                                                               
         Male                                                                  37                            9                                                                                        1.109                                    0.436–2.819
         Female                                                             28                            6                                                                                          1.0                                                 
Comorbidity                                                                                                                                                                                                                                                
         Malnutrition                                                    24                           10                                      0.036                                        2.706                                    1.018–7.193
         Congenital heart disease                            11                            3                                       0.720                                        1.179                                    0.382–3.634
         Asthma                                                              2                             0                                          1.0                                          0.849                                  0.065–11.092
         Immunosuppression                                    17                            6                                       0.346                                        1.652                                    0.663–4.115
Source of infection                                                                                                                           1.00                                                                                                
         Community                                                      53                           12                                                                                         1.0                                                 
         Nosocomial                                                     12                            3                                                                                        1.083                                    0.349–3.366
Clinical characteristics                                                                                                                                                                                                                            
         Hypoxemia                                                      52                           15                                      0.052                                        6.382                                  0.405–100.522
         Hypotension                                                    1                             8                                      <0.001                                      9.016                                   4.300–18.902
         Organ dysfunction (combined)                 11                           10                                     <0.001                                      5.619                                   2.171–14.544
         Cardiovascular                                                7                            14                                     <0.001                                     39.333                                 5.503–281.121
         Respiratory                                                      7                            15                                     <0.001                                     79.522                                 4.960–1275.02
         Renal                                                                 0                             3                                       0.006                                        6.417                                   3.815–10.791
         Liver                                                                  0                             5                                      <0.001                                      7.500                                   4.212–13.355
         Neurologic                                                       2                             5                                       0.002                                        5.214                                   2.482–10.954
         Hematologic                                                    0                             5                                      <0.001                                      7.500                                   4.212–13.355
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Modified PIRO severity score
As shown in Tables 2 and 3, the significant variables of PIRO

were predisposition (malnutrition), insult (complicated chest radio-
graph), response (hypoxemia, hypotension, CRP >0.5 mg/dL, PCT
>0.5 ng/dL), and organ dysfunction. These significant variables were
given a value of 0 (for those which are not at risk) and 1 (for those at
risk). Thus, a scale of 0-7 modified PIRO severity score was created
(Table 4). Furthermore, we used curve receiver operating characteris-
tics (ROC) to determine the cut-off point score as a predictor of mor-
tality in children with pneumonia; the results were cut-off point >3
with area under the curve (AUC) 0.919 (95% CI 0.836-0.968), with
sensitivity 80% and specificity 84.62% (Figure 1). The relationship
between cut-off point modified PIRO severity score with mortality in
children with pneumonia is presented in Table 5. The mortality risk of
subjects with score >3 was 10.544 times higher compared to subjects
with scores ≤3; based on median and interquartile range of the score
set (0-7), where Q1 (lower quartile) is 1.25; Q1-Q3 (interquartile
range) is 4.5; Q3 (upper quartile) is 5.75. The score can be stratified
into three levels of risk: low (≤2), moderate (3-4), and high (5-7). All
subjects were distributed in each level: low risk (41 patients/51.2%),
moderate risk (29 patients/36.2%), and high risk (10 patients/12.5%).
No low-risk subjects died, while as many as 7 moderate-risk subjects
died (46.7%), and 8 high-risk subjects died (53.3%).

Table 4. Modified PIRO score.

                                                 Variables

Predisposition                                     Malnutrition 
Insult                                                      Complicated chest radiograph
Response                                               Hypoxemia
                                                                 Hypotension
                                                                 CRP >0.5 mg/dL
                                                                 PCT >0.5 ng/dL 
Organ dysfunction                               Organ dysfunction.

Table 5. Relationship between cut-off point modified PIRO severity score with mortality in children with pneumonia

                                         Outcome                                                                      
Cut-off point                                   Deceased         Survivors                          p                                  RR                                95% CI
                                                                                   (n=65)                       (n=15)                                                                     

>3                                                                             12                             10                                      <0001                                     10.544                                 3.286-33.845
≤3                                                                               3                              55
                                                                                    

Figure 1. Cut-off point modified PIRO severity score (>3) as pre-
dictor of mortality in children with pneumonia – ROC curve.

Table 3. Relationship between laboratory, chest radiograph, and complications with mortality in children with pneumonia.

                              Outcome   
Variable                                            Survivors        Deceased                          p                                   RR                                95% CI
                                                          (n=65)            (n=15)                                                                                                       

Laboratory examination                                                                                                                                                                                                                    
         Leukocytosis                                                  32                            8                                       0.775                                        1.143                                   0.458–2.853
         Leukopenia                                                      6                             1                                         100                                         0.745                                   0.114–4.856
         CRP (> 0,5 mg/mL)                                       44                           14                                      0.045                                        5.310                                  0.742–38.023
         PCT (> 0,5 ng/mL)                                        11                           11                                     <0.001                                      7.250                                  2.578–20.386
Chest radiograph                                                                                                                              0.076                                                                                               
         Simple                                                              62                           12                                                                                         1.0                                              1.0
         Complicated                                                    3                             3                                                                                        3.083                                    1.189–7.998
Other variables                                                                                                                                                                                                                                          
         Positive bacterial blood culture                  7                             1                                        1.00                                         0.643                                   0.097–4.267
         Mechanical ventilation                                  3                             7                                      <0.001                                      6.125                                  2.841–13.203
         Admission to intensive care unit                5                             7                                       0.004                                        4.958                                  2.211–11.120
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Discussion
The results showed that the mortality rate for children with

pneumonia was quite high, namely 18.8%. This study was con-
ducted at national referral hospital during the COVID-19 pandem-
ic. The number of pneumonia patient’s visits decreased during the
pandemic. However, referred patients usually presented with more
severe clinical conditions. Some of deceased subjects were accom-
panied by other comorbidities such as malignancy (4 patients with
leukemia), autoimmune disease (2 patients with systemic lupus
erythematosus), and HIV infection (2 patients). All diseases were
included into immunosuppression state. We consider it can affect
the mortality rate as stated in a previous study [12]. Not all of the
variables analyzed as predictors of mortality are comparable to
those of a  previous study [8]. We found that age was not a signif-
icant predisposition variable; in contrast to Araya who included
age <6 months in his PIRO study [8]. In Respiratory Index of
Severity in Children (RISC) system score among young children
with respiratory infections in South Africa, the age variable is only
significant in HIV-infected patients and not significant in patients
who are not infected with HIV [13]. It supports several previous
studies that did not find age as a predictor of mortality in child with
pneumonia [14,15]. We consider that the decreasing number of
pneumonia cases that came to our hospital during the pandemic of
COVID-19 can affect the significance of age variable.

Several previous studies have shown that the male gender is a
protective factor and vice versa, female gender has higher risk for
severe pneumonia, but not in other studies [16-18]. We did not find
that gender affects mortality in pediatric pneumonia. Likewise,
Araya’s Modified PIRO score also does not include the gender
variable as a component of the score. Malnutrition was the only
significant comorbidity for mortality. Patients were considered
malnourished from the interpretation of BW/height or BMI/U ≤2
SD according to the World Health Organization’s growth charts
[19,20]. Our finding is in line with a previous study which con-
cluded that malnutrition as a risk factor for severe pneumonia [21].
Malnutrition in children with severe pneumonia was associated
with reduced metabolic capacity to cope with physiological and
psychological responses to an infection such as an increase in tem-
perature, cardiac output and respiratory effort [22]. As a conse-
quence, the presence of malnutrition increases the risk of death in
this patient. Some of the subjects had congenital heart disease as a
comorbidity which was confirmed by echocardiography. The most
common heart defects are persistent ductus arteriosus, atrial septal
defect and ventricular septal defect and it was not a significant pre-
dictor of mortality.

Overall, organ dysfunction significantly affects the mortality
of children with pneumonia. Menendez et al. conducted a study on
organ dysfunction in adult patients with pneumonia, with the con-
clusion that the number of organs dysfunction has an effect on
mortality within 30 days [23]. It has also been seen in this study
that the more organs with dysfunction, the higher risk of mortality.
The most common etiology of pneumonia associated with sepsis
and multiple organ dysfunctions is Streptococcus pneumonia [24].
However, this microorganism was not identified from all positive
blood cultures. Staphylococcus hominis, S. epidermidis, and S.
haemolyticus identified in positive blood culture were normal skin
flora of the human skin body, especially axillary, perineal and
inguinal areas. Therefore, we consider possible contaminants in
blood culture samples.    

Hypoxemia (oxygen saturation <90%) is a cardinal sign in
pneumonia patients. Delay detection of hypoxemia is associated
with a worse outcome of pneumonia. Blot et al. conducted a study

on adult patients with pneumonia who were admitted to the inten-
sive care unit and concluded that a 1-hour delay in detection of
hypoxemia would increase the mortality rate from 26% to
36%[25]. A study conducted in Papua New Guinea proves that
hypoxemia can potentially increase the risk of mortality in children
[26]. The introduction of oximetry to detect hypoxemia in pneu-
monia patients is becoming a solution that can reduce child mor-
tality in developing countries [27].

Hypotension is a determinant of uncompensated septic shock.
Hypotension frequently constitutes one of the prominent features of
shock, but could be a late sign in pediatric patients. Previously,
healthy children with intact cardiovascular homeostatic mecha-
nisms can compensate extremely well during hypoperfusion states
for relatively long periods without triggering ischemia in the
myocardial cells. Contrary to adult patients, hypotension appears at
a longer time in children and indicates non-reversible cardiovascu-
lar collapse [28,29]. This will affect regulation of the host response
to an infection and will ultimately increase risk of mortality in the
patient. In line with Araya et al., hypotension in children with pneu-
monia increases the risk of mortality by 48.7 times [8].

Increased levels of CRP and PCT were shown to be good pre-
dictors of mortality. This is in line with Yadav et al., namely that
CRP and PCT have a linear positive correlation with the severity
of pneumonia [30]. Wu et al. concluded that increased levels of
CRP are closely associated with bacterial infection and severe
pneumonia [31]. Increased levels of CRP together with other
parameters can be used as predictors for the development of severe
pneumonia. However, the usefulness of a single CRP level is still
limited. Akech et al. in Kenya concluded that children with signs
of pneumonia or sign of bacterial infection would have had higher
levels of PCT [32]. Procalcitonin associated with severity of the
disease and administration of antibiotics based on the levels of
PCT can be used at the time of unavailability of blood culture.

In this study, 7 out of 12 patients (58%)  treated in the intensive
care unit died. Limited bed capacity in pediatric intensive care unit
delimitaded the number of patients who could receive intensive
care management. Not all intensive care candidates could be trans-
ferred immediately to intensive care unit. Some patients had to be
confined in resource-limited wards in our hospital before admitted
to the intensive care unit. This study was conducted at the time of
the COVID-19 pandemic. Several patients had throat swabs exam-
ined for SARS-CoV-2 and there was 1 patient with confirmed
COVID-19. The patient was a consult patient from the Pediatric
Surgery Department who planned for surgery of diaphragmatic
hernia but the patient had bronchopneumonia. Then, the patient
was treated in a COVID-19 isolation room. After 2 times of nega-
tive throat swabs within 24 hours interval since the first examina-
tion, the patient was allowed to leave the isolation room and under-
go the surgery.

We formed a model of severity score from PIRO variables
which is suitable to characteristics of our patients in general.
Several previous studies that adapted PIRO concept as a severity
score have different ranges. Rello et al. provides a range of 0-8 for
PIRO score in adult patients with community-acquired pneumonia
who were admitted to the intensive care unit, while Araya et al.
provides a range of 0-0 for PIRO score in children with pneumonia
[4,8].

There are several limitations of this study. It was carried out
during the COVID-19 pandemic, in which the number of cases of
pneumonia pediatric decreased. These circumstances would have
not described the data as usual. This study uses ambispective
method in consideration of limited time availability. Most of the
study subjects were taken from medical records, so it is possible
that the examination standards are not equal for all subjects.
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Further studies with prospective methods can be carried out at a
later date for the validity of the modified PIRO severity score vari-
able which is more significant in pediatric pneumonia patients in
Indonesia. 

Conclusions
This modified PIRO severity score can be used for sorting the

severity of pneumonia in children and predicting its risk of mortal-
ity. The stratification of risk level in this study can help health
workers in selecting appropriate management for patients, espe-
cially for health facilities with limited intensive care unit capaci-
ties.
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Abbreviations
BMI:             body mass index;
COVID-19:   Coronavirus Disease 2019;
CRB-65:        confusion, respiratory rate, blood pressure, age >65;
CRP:             C-reactive protein
CURB-65:     confusion, urea, respiratory rate, blood pressure, age

               >65;
HIV:              Human Immunodeficiency Virus;
PCR:             polymerase chain reaction;
PCT:             procalcitonin;
PIRO:           predisposition, insults, response, organ dysfunction;
PSI:               Pneumonia Severity Index;
RISC:            Respiratory Index of Severity in Children;
SARS-CoV-2:  severe acute respiratory syndrome coronavirus 2;
SMART-COP: systolic blood pressure, multilobar chest radiography,

               albumin level, respiratory rate, tachycardia, 
               confusion, oxygenation, dan arterial pH <7.35.
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