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Introduction
Pneumonia is a major cause of death of children in low and middle income countries (LMICs). In this
issue of the European Respiratory Journal, NGUYEN et al. [1] examine pneumonia care in a large secondary
care hospital in Vietnam and compare it to World Health Organization (WHO) case management
guidelines. This carefully conducted prospective study highlights the weaknesses of the WHO approach,
which leads to overdiagnosis of pneumonia with unnecessary hospitalisations and antibiotic use, and
underdiagnosis of obstructive airway diseases.

Pneumonia: major killer in children worldwide
Pneumonia remains a major cause of death worldwide in children beyond the neonatal period and under
5 years of age [2], and is a major cause of hospitalisation and morbidity in children and adults in LMICs.
Interventions, including preventive measures such as the Haemophilus influenza type b and pneumococcus
conjugate vaccines, and management strategies, such as the WHO Integrated Management of Childhood
Illness (IMCI) guidelines, have brought about a steady decline in pneumonia incidence and mortality [3, 4].
Despite these efforts, 800000 children aged under 5 years old, most of them in LMICs, died in 2017 from
a lower respiratory infection [2]. This is an alarming number because adequate management would
prevent most of these deaths.

Management of community-acquired pneumonia is based on clinical diagnosis and antibiotic treatment,
with further radiological and laboratory tests and supportive therapy for those admitted to hospital [5, 6].
However, not all diagnostic procedures are readily available in LMICs, where diagnosis focuses on medical
history and examination. This may lead to overdiagnosis of pneumonia and unnecessary use of antibiotics
and hospital resources [7]. In an attempt to reduce pneumonia mortality and unnecessary antibiotic use in
children, WHO developed a case management approach for low resource settings such as the one included
in the IMCI guidelines [3, 8]. It consists of the identification of children with cough and/or difficulty
breathing and their categorisation into cough/cold without pneumonia, simple pneumonia, or severe
pneumonia. Pneumonia is classified as simple based on the presence of fast breathing alone, and as severe
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or very severe if children also have chest indrawing, stridor, and/or danger signs such as low peripheral
oxygen saturation, inability to drink, or lethargy. Those diagnosed with simple pneumonia receive oral
antibiotics and home care, while those with severe pneumonia are admitted to hospital to receive
intravenous antibiotics. This strategy has been applied in multiple low resource settings and several studies
highlight its strengths and limitations [9–11]. Its classifications were revised in 2014 by the addition of
chest indrawing as indicative of simple pneumonia (figure 1) [12].

A meta-analysis of Asian and African studies suggests that a case management approach may reduce all-cause
mortality by 24% and pneumonia mortality by 36% in 0–4 year olds [9]. Because 80% of pneumonia
deaths occur out of hospital [13], the use of specific community-focused case management programmes
may have the greatest impact on mortality. A 2010 review showed a 70% reduction in pneumonia
mortality in children aged under 5 years when applying community case management strategies [10].

The WHO case management strategies were developed mainly to help community healthcare workers
identify children with pneumonia using only clinical signs. The strategies are highly sensitive but less
specific, and diagnose as pneumonia any lower respiratory disease presenting with cough, difficulty
breathing and tachypnoea. Viral diseases like bronchiolitis or viral wheeze, and non-communicable
diseases like allergic asthma will be diagnosed and treated as pneumonia, resulting in overprescription of
antibiotics [14] and underdiagnosis and inadequate management of obstructive airway disease. The 2014
pneumonia case management revision aimed at improving pneumonia outcomes and decreasing the
number of children hospitalised by classifying children with chest indrawing as having simple pneumonia
[12] instead of severe pneumonia [3]. However, this revision did not deal with the problem of
underdiagnosis of obstructive airway disease. Only a few studies have analysed the impact of its
implementation, especially in Southeast Asia [14–17].

A prospective study of children hospitalised with pneumonia in Vietnam
NGUYEN et al. [1] conducted a prospective study of all 4206 children aged 2–59 months who were admitted
with a diagnosis of pneumonia to a large secondary care hospital in Vietnam between July 2017 and June
2018. Using the 2014 WHO case management classification, they found that diagnoses of 1758 children
(42%) did not meet the WHO criteria for pneumonia, while 2196 (52%) met the criteria for pneumonia,
and 252 (6%) for severe pneumonia. Only this last, severe pneumonia group should have been admitted
for intravenous antibiotics according to the WHO strategy, and the authors conclude that their study
suggests unnecessary use of hospital resources and intravenous antibiotics.

This large, well-conducted study offers a real picture of community-acquired pneumonia management in
Vietnam. However, its limitations invite discussion. First, the reader assumes that all the 4206 children
included in the study received intravenous antibiotics, but in fact NGUYEN et al. [1] do not describe
treatment. Secondly, from the 5874 children originally admitted for pneumonia, the study excluded 1515
children who were transferred to a private ward. Thirdly, although we agree that many children with
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FIGURE 1 World Health Organization 2014 revised classification and treatment for children 2–59 months old presenting with cough and/or
difficulty breathing. #: not able to drink, persistent vomiting, convulsions, lethargic or unconscious, stridor in a calm child or severe malnutrition.
Reproduced with permission from the Revised WHO classification and treatment of pneumonia in children at health facilities: evidence summaries,
World Health Organization, 2014 [12].
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pneumonia in this study probably could have been treated as outpatients, as suggested by WHO, some
may still have merited hospitalisation and intravenous antibiotics or other specific treatment.

The children in this study were treated in a secondary hospital, nearly all had chest radiograph and full
blood count performed, and half had received antibiotics before admission. This is an entirely different
scenario from that for which the WHO case management strategies were developed: community
healthcare workers with no access to complementary tests. Among the children classified by WHO criteria
as not having pneumonia, 37% had a consolidation on the chest radiograph and 22% had C-reactive
protein ⩾50 mg·L−1. Should these children be classified as “no pneumonia” because they did not present
tachypnoea at admission? Given the wide variability of respiratory rate in infants and different states of
wakefulness at admission [18, 19], applying the WHO case management criteria in a setting where
radiography and full blood counts are readily available seems questionable. What would have happened if
the WHO case management criteria had been strictly applied?

Although the highest proportion of adverse outcomes (death, intensive care unit admission, tertiary care
transfer or hospital stay >10 days) occurred in the group with severe pneumonia (153/252, 61%), in
absolute numbers more severe outcomes occurred in the other two groups: without pneumonia (236/1758,
13%) and simple pneumonia (399/2196, 18%). These children may not have had severe pneumonia
according to the WHO criteria, but some had severe disease. This important study therefore reveals both
an overdiagnosis of pneumonia and an underdiagnosis of other potentially fatal diseases like sepsis,
cyanotic heart disease or pericarditis (the causes of death of the five children who did not have severe
pneumonia according to WHO criteria), and asthma. In such a setting, improving healthcare workers’ use
of available clinical and complementary tests to identify alternative diagnoses in severely ill children may
reduce childhood mortality more effectively than blindly applying WHO algorithms developed for
community healthcare workers. This would also decrease the underdiagnosis of other respiratory diseases
like asthma and viral wheeze.

Asthma is underdiagnosed and undertreated in low and middle income countries
According to the 2014 Global Burden of Disease study, 14% of children worldwide suffer from asthma [20].
Despite wide regional variability [20], asthma is no longer considered a disease of high income countries.
In Asia, asthma prevalence is variable with higher prevalence in heavily industrialised countries like Japan
and Singapore, and lower prevalence in less industrialised countries like Indonesia and Malaysia [21], with
an increasing trend [22]. A study conducted in Hanoi, Vietnam in 1999 estimated a prevalence of current
wheeze of 15% and doctor-diagnosed asthma of 14% in children 5–11 years old [23]. In 2016, children
6 years old from a birth cohort in a smaller, less polluted city (Nha Trang) had a 5% prevalence of current
wheeze [24].

The implementation of the WHO IMCI guidelines may result in an underdiagnosis of asthma and viral
wheeze [11]. In India, 46% of 200 children aged 6 months to 5 years who presented to the emergency
department with cough or difficulty breathing and were initially classified as having pneumonia according
to WHO criteria, were finally diagnosed by clinicians as having asthma [25]. Among the children
hospitalised for pneumonia in the NGUYEN et al. [1] study, 13% (550/4206) had audible wheeze and 26%
had wheeze on auscultation. The proportions of wheeze on auscultation were 16%, 32% and 38%,
respectively, among those classified as no pneumonia, simple pneumonia, and severe pneumonia. These
children most likely had an obstructive airway disease. Treatment is not reported in the study, but these
children likely did not receive bronchodilators and corticosteroids, but unnecessary antibiotics instead.

Inadequate treatment results in a high asthma burden in Southeast Asia despite its relatively low
prevalence. In 2000, the Asthma Insights and Reality in Asia-Pacific (AIRIAP) study conducted a survey
among adults and children with physician-diagnosed asthma from urban centres in eight Asian countries,
including Vietnam [26]. Although 50% of participants reported daytime asthma symptoms and 44% sleep
disturbance, most were not aware of their problems; even among those with severe persistent asthma, 34%
thought their asthma was well-controlled. Only 18% of those with severe persistent asthma used regular
controller medication. Inadequate asthma control increases use of emergency care for acute exacerbations
(44% in the AIRIAP study). This may result in higher asthma mortality compared to countries with higher
prevalence but better management. We lack studies on asthma mortality in Southeast Asia, but in Latin
American countries asthma control is insufficient and mortality high [27]. CHUA et al. [28] estimated
paediatric asthma mortality and hospitalisation trends in 12 Asian Pacific countries. They found that the
controller-to-reliever medication ratio was associated with an overall decline in mortality and hospitalisations.

Lessons learned and recommendations
The WHO case management strategies for pneumonia have certainly helped reduce childhood mortality
and intravenous antibiotic use in low resource settings [9, 29]. However, in secondary or tertiary hospitals

https://doi.org/10.1183/13993003.00987-2019 3

PAEDIATRICS | C. ARDURA-GARCIA AND C.E. KUEHNI



where trained professionals, radiography and laboratory tests are available, healthcare workers should be
trained to identify severely ill children and apply differential diagnosis strategies, rather than strictly
applying an algorithm developed for community settings.

We propose that the different respiratory diseases are not dealt with in separate management plans, but
are combined into one where alternative diagnoses are considered. In primary care settings, we propose a
new algorithm to assess a child with cough and/or difficulty breathing that includes the evaluation of
wheeze and response to bronchodilators, and the consideration of alternative diagnoses for severe disease.
The algorithm is represented in figure 2.

Finally, we advocate that future epidemiological studies combine assessment of overdiagnosis of
pneumonia and underdiagnosis of asthma. They are both current public health problems in LMICs
associated with considerable morbidity and mortality. They are related to each other, and studying both in
isolation can conceal important consequences of each for the other. Pneumonia, obstructive airway
diseases, and other respiratory and nonrespiratory diseases need to be clinically managed and studied
together to further reduce childhood mortality, inadequate treatment and waste of healthcare resources.
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