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Original Article

Predictors of mortality in immunocompromised
children with respiratory infections

Lea Sutrisnal, Rina Triasih?, Ida Safitri Laksanawati?

Abstract

Background Respiratory infection is a common morbidity and
a major cause of mortality in immunocompromised children.
Hence, identification of clinical parameters that predict mortality
among immunocompromised children with respiratory infections
is of importance to provide timely and appropriate intervention.
Objective To determine predictors of mortality in immunocom-
promised children with respiratory infections.

Methods We conducted a prospective cohort study of immuno-
compromised children aged 18 years or younger with respiratory
tract infections who were admitted to Dr. Sardjito Hospital, Yogya-
karta, Indonesia. All eligible children were prospectively followed
up until hospital discharge. Clinical and laboratory parameters
during the first 24 hours of hospitalization were collected.
Results Of 79 eligible children, the overall mortality was 11 sub-
jects (13.9%). Fever, tachycardia, tachypnea, cyanosis, leukopenia,
neutropenia, thrombocytopenia, and pleural effusion were predic-
tive factors of mortality in bivariate analysis (P<0.25). A logistic
regression model showed that neutropenia (absolute neutrophil
count <125/mm3) and tachycardia were the best independent
predictors of mortality in immunocompromised children with
respiratory infections. The children with tachycardia had 15.8
times higher probability of mortality (95%CI 5.0 to 4.4) and those
with neutropenia had 8.24 times higher probability of mortality.
Cyanosis and pleural effusion were also independent mortality
predictors.

Conclusion The risk of mortality is significantly increased in
immunocompromised children with respiratory infection when
tachycardia and neutropenia are also present. [Paediatr Indones.
2022;62:237-42 DOI: 10.14238/pi62.4.2022.237-42].
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espiratory infections are the most common
cause of both morbidity and mortality in
children. The World Health Organization
WHO) estimated that 150.7 million cases
of acute respiratory infections in children under
five occur each year, with pneumonia as the leading
cause of death. Pneumonia accounted for nearly 7.6
million deaths in children younger than five years in
2010.! The incidence of pneumonia in the Southeast
Asian region was 61 million cases yearly, of which the
morality rate was estimated at 0.6 million annually.?
In 2013, Indonesia ranked 8t out of 15 countries with
high pneumonia disease burden, with a mortality rate
of 22,000 per year.* Of 174,000 children who died
at <5 years of age in Indonesia, the leading cause of
death was pneumonia (29%), followed by diarrhea
(11%).3
Immunocompromised children are particularly
vulnerable to upper and lower respiratory tract
infections, which contribute to their morbidity and
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mortality. The mortality rate in children with primary
immunodeficiency was estimated to be between 13.6
to 17.5%. Lower respiratory tract infection was the
leading cause of mortality (44%), and the most common
pathogenic microorganisms were Pseudomonas and
Staphylococcus.* The mortality rate among children
with HIV infection in a Malawian study was 16.6%.°
Respiratory tract infection in children with leukemia
occurred in about 43% of children, and 26% of them
demonstrated a complicated clinical course. The
mortality rate related to viral lower respiratory infection
in this population was 0.7%.°

Predictors of mortality in children with pneumonia
have been identified, such as age <12 months,’
malnutrition, tachycardia, anemia,? initial lymphocyte
count <800/uL,’ and hypoxemia.!l® Among HIV-
infected children, the predictors of mortality were
WHO clinical stages III and IV, whereas nutritional
status, anemia (Hb less than 8 g/dL), and CD 4 level
were not associated with mortality.!! We aimed to
identify factors which can be used as predictors of
mortality in immunocompromised children with
respiratory tract infections.

Methods

We conducted a prospective cohort study, involving
children who were aged < 18 years, admitted
to Dr. Sardjito Hospital, Yogyakarta, Indonesia,
between September 2015 and August 2016,
immunocompromised, and had at least one symptom
of respiratory tract infections, i.e., cough, fever, or
dyspnea. Immunocompromised patients in our study had
malignancy, HIV infection, primary immunodeficiency,
or were on long-term steroid treatment. Children
with congenital heart disease and/or underlying lung
disease were excluded. The diagnosis of respiratory
tract infection was made by attending doctors, based
on clinical symptoms and chest X-ray. Subjects’
demographic, clinical, and laboratory parameters were
documented during the first 24 hours, and subjects were
followed up until hospital discharge.

Blood examinations were classified as follow:
anemia (hemoglobin level less than -2SD by age,
on admission), leukocytosis (leukocyte count above
-2SD by age), leukopenia (leukocyte count less than
-2SD by age, on admission), lymphopenia (absolute
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limfocyte count less than -2SD by age), neutropenia
(absolute neutrofil count less than -2SD by age),
and thrombocytopenia (thrombocyte count less than
150.000/mcL).

The sample size was determined based on the
formula for hypothesis testing of the population relative
risk in cohort studies.!4 The minimum required sample
size was calculated to be 60 children, based on the
assumption of about 35% mortality, Za 1.96, Z 0.84,
80% power, and relative risk (RR) of 1.75.

Bivariate analyses of potential associations with
mortality were analyzed using relative risk with 95%
confidence interval (RR; 95%CI) by Pearson’s Chi-
square and Fischer’s tests. The variables with P<0.25
were included in a multivariate analysis using multiple
logistic regression to identify independent factors
associated with mortality. All hypothesis testing was
two-tailed and P values <0.05 were considered to be
statistically significant.

This study was approved by the Medical and
Health Research Ethics Committee, Faculty of
Medicine, Public Health and Nursing, Universitas
Gadjah Mada/Dr Sardjito Hospital, Yogyakarta.
Medical record data were kept strictly confidential
and anonymous.

Results

A total of 84 immunocompromised children were
admitted to the hospital with symptoms of respiratory
infection (cough, fever, and/or dyspnea) during the
study period. Two children were excluded because of
lung metastasis and 3 children were excluded because
of incomplete laboratory and radiologic examination
results. The characteristics of the eligible children
are presented in Table 1. Subjects’ mean age was 6.5
(SD 5.1) years; more than half of subjects were aged
>5 years. Subjects’ hospital length of stay ranged
from 1 to 61 days, with a mean of 13.8 days. The
majority of subjects were immunocompromised due to
malignancies, and the most common respiratory tract
infection was pneumonia. Eleven children (13.9%) died
during hospitalization.

The clinical, laboratory, and chest X-ray findings
of subjects are presented in Table 2. Cyanosis and
clubbed fingers were each found in 5 children (6.3%).
The majority of children (80.2%) had anemia, with
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Table 1. Baseline characteristics of the subjects mean hemoglobin (Hb) level of 9.9 (SD 2.2) g/dL.
Characteristics Total Lymphopenia was also common (65.8%). Two children
(N=79) did not undergo chest X-ray examinations because it
Males, n (%) 41 (51.9)  wasnotindicated. Of 77 children who had chest X-rays,
Mean age (SD), years 6.5 (5) the most common findings were infiltrates. Pleural
Age by group, n (%) effusions were found in six children.
0-1 years 7(8.9) Table 3 shows the bivariate and multivariate
l':yﬁir: 4212 ggg; analyses of possible predictors of mortality. Tachycardia
Malnutrition, 1 (%) 22 (27.8) (aRR 15.78; 95%CI 5.04 to 49.41), ANC < 125/mm?

(aRR 8.24; 95%CI 2.58 to0 26.29), cyanosis (aRR 6.88;

Underlying immunocompromising condition, n (%)

HIV infection 13 (16.5) 95%CI 1.06 to 44.57) and pleural effusion (PZO.006;
Malignancy 56 (70.9)  aRR 4.79; 95%CI 1.56 to 14.77) were independent
Steroid treatment 6(7.6) predictors for mortality in immunocompromised

Primary immunodeficienc 4 (5.1 . . . . . . .
Y Y 61 children with respiratory tract infections on multivariate

Respiratory tract infections, n (% . T .
pratory (%) analysis. We found a significant decrease of mortality

Pneumonia 63 (79.7) o ) i )
Bronchitis 4 (5.1) risk in children with leukopenia.
Pharyngitis 12 (15.2)

Table 2. Clinical, laboratory, and chest X-ray findings

Variables Died Survived Total
(n=11) (n=68) (n=79)
Symptoms, n (%)
Fever 9 40 (58.8) 49 (62.0)
Cough 7 48 (70.6) 55 (69.6)
Dyspnea 10 26 (38.2) 38 (46.9)
Stomatitis 5 21 (30.9) 26 (32.9)
Diarrhea 5 13 (19.1) 18 (22.8)
Physical findings, n (%)
Cyanosis 2 3(4.4) 5(6.3)
Tachypnea 8 29 (42.6) 37 (46.8)
Chest retraction 4 19 (27.9) 23 (29.1)
Tachycardia 9 11 (16.2) 20 (25.3)
Rhonchi 5 26 (38.2) 32 (39.5)
Wheezing 2 5(7.4) 7 (8.9)
Liver enlargement 5 16 (23.5) 22 (27.2)
Lymphadenopathy 1 10 (14.7) 11(13.9)
Clubbed fingers 1 4 (5.9) 5(6.3)
Laboratory findings, n (%)
Anemia 10 55 (80.9) 65 (82.3)
Leukocytosis 3 11 (27.3) 14 (17.7)
Leukopenia 2 37 (54.4) 39 (49.4)
Lymphopenia 8 44 (64.7) 52 (65.8)
TLC < 500/mm3 3 11 (16.2) 14 (17.7)
Neutropenia 4 30 (44.1) 34 (43.0)
ANC < 500/mm3 1 22 (32.4) 23 (29.1)
ANC < 125/mm3 4 4(5.9) 8(10.1)
Thrombocytopenia 7 29 (42.6) 36 (45.6)
Chest X-ray findings, n (%)
Unilateral infiltrates 1 6(9.1) 7(9.1)
Bilateral infiltrates 7 48 (72.7) 55 (71.4)
Pleural effusions 3 3(4.5) 6 (7.8)
Normal 0 9 (13.6) 9(11.7)

TLC=total lymphocyte count; ANC=absolute neutrophil count
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Discussion

Respiratory tract infection is a common morbidity
and cause of death in immunocompromised children.
Our study documented mortality of 13.9% among
immunocompromised children with respiratory
symptoms. Of these children, the majority had
pneumonia. The mortality rate in our study was in
line with a report from Africa, which documented a
mortality rate of 14% in children with pneumonia.1 For
children with HIV who were admitted to the hospital
in the African region, mortality rate was 14%.12

In our subjects, tachycardia, cyanosis, ANC
< 125/mm?, and pleural effusion were independent
predictors of mortality. Tachycardia and cyanosis
have been identified as predictors of hypoxemia, a
common condition in children with acute respiratory
tract infections and potentially increasing the risk of
death.!31% A study of mortality risk among children
with pneumonia in Bandung, West Java, showed that
cyanosis was a significant risk factor of mortality.!>
A Yogyakarta study reported that tachycardia was a
predictor of mortality in young children aged <5 years
with pneumonia.? A study found that the combination
of inability to cry, head nodding, or respiratory rate
= 90 breaths/min was the best predictor of hypoxemia

(sensitivity 70%, specificity 79%).1¢ Along with another
study which found that the clinical signs best predicting
hypoxemia in children aged 1 month to 5 years with
acute lower respiratory tract infection were cyanosis,
respiratory rate >60x (OR 5; 95%CI 3.2 to 7.8), with
67% sensitivity, 71.1% specificity, and 74.4 positive
predictive value.!! A risk models study on predicting
severe pneumonia outcomes in children showed that
tachycardia was associated with severe pneumonia
(aOR=1.59-2.90, depending on age).!” Tachycardia
reflects a hypoxemic condition, as it occurs in response
to low oxygen supply, initiating activity of efferent
chemosensory system to produce a cardiorespiratory
adjustment in order to increase oxygen delivery.+18
Interestingly, tachypnea, which is also a typical
response to hypoxemia, was not a good predictor of
mortality in our study. Previous studies in children
with pneumonia also found that tachypnea could not
predict mortality.®1920 This observation may have
been because tachypnea is a hallmark of pneumonia
in children, hence, all children with pneumonia have
tachypnea regardless their level of hypoxemia.
Absolute neutrophil count <125/mm? was
a significant predictor of mortality in our study.
Similarly, previous studies have documented that
neutropenia increased the risk of mortality in children

Table 3. Predictors of mortality in immunocompromised children with respiratory tract infection

Bivariate analysis

Multivariate analysis

Predictors

RR (95%Cl) P value aRR (95%Cl) P value
Male 1.62 (0.55-5.11) 0.401
Age < 1 year 2.29 (0.61-8.57) 0.250
Malnutrition 0.97 (0.28-3.33) 0.637
Fever 2.76 (0.64-11.90) 0.129 0.61 (0.156-2.39) 0.481
Cyanosis* 3.29 (0.96-11.32) 0.140 6.88 (1.06-44.57) 0.043
Tachypnea 3.03 (0.87-10.58) 0.064 0.48 (0.14-1.58) 0.224
Tachycardia** 13.28(3.13-56.36) <0.001 15.78 (5.04-49.41) <0.001
Chest retraction 1.39 (0.45-4.30) 0.402
Liver enlargement 2.3(0.78-6.76) 0.125 0.92 (0.24-3.56) 0.905
Lymphadenopathy 0.62 (0.09-4.36) 0.524
Anemia 2.15 (0.30-15.49) 0.376
Leukopenia 0.23 (0.05-0.99) 0.026 0.11 (0.04-0.35) <0.001
TLC <500/mm3 1.74 (0.53-5.75) 0.302
ANC <125/mm3 8.13 (1.69-38.99) 0.011 8.24 (2.58-26.29) <0.001
Thrombocytopenia 2.09 (0.67-6.58) 0.195 0.68 (0.23-2.03) 0.485
Pneumonia 1.23 (0.29-5.18) 0.564
Pleural effusion 4.56 (1.62-12.82) 0.033 4.74 (1.56-14.77) 0.006
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with pneumonia (OR 9.53; 95%CI 1.69 to 53.8).17%:21
Neutrophils play an important role in the innate
immune response to combat infection. A deficiency of
neutrophils, as reflected by low ANC, may lead to an
impaired immune system. Consequently, the infection
may become more severe, resulting in increased risk
of serious complications and death. Two studies of
mortality predictors in children with pneumonia
found that leukopenia was a significant risk factor
of mortality.!>20 However, a study in HIV-infected
children showed no association between leukopenia
and mortality in children with pneumonia.?? We found
a significant decrease of mortality risk in children with
leukopenia.

Malnutrition also did not contribute as mortality
predictor in our study, similar to a Brazilian study which
included 871 children with pneumonia.?? In contrast,
a study of 150 malnourished children with pneumonia
noted that malnutrition increased the risk of severe
pneumonia by 4.6 times and the degree of malnutrition
significantly contributed to mortality risk in children
under 5 years.?

Anemia was reported to be a mortality predictor in
children with pneumonia in 3 studies.®222 Anemia was
not a mortality predictor in our subjects, possibly because
malignancy was the major immunocompromising
condition in our population.

A prospective cross-sectional study of 242 children
with community-acquired pneumonia showed higher
mortality among children with thrombocytopenia
(OR 1.9; 95%CI 1.5 to 3.4; P=0.038)."> The related
finding showed in a study of fatality in community
acquired pneumonia (OR=38.2; 95%CI 4.39 to0 331.0;
P=0.001).2> The lack of an association in our subjects
might have been influenced by the variety causes of
thrombocytopenia in our population.

The children who were involved in this study
were those with diseases or conditions postulated to
suppress the immune system. We did not perform
objective measurements of immunodeficiency, such
as measurements of CD4, CD8, immunoglobulin or
other parameters. Thus, this limitation of our study
may not accurately represent true immunodeficiency.
In conclusion, cyanosis, tachycardia, ANC <125/mm?,
and pleural effusion are significant predictive factors
for mortality in immunocompromised children with
respiratory infection.
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