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Abstract

Pneumonia  remains  the leading cause of death  globally in  children  under  the age of five.  The

poorest children are the ones most at risk of dying. In the recent years, Lung Ultrasound has been

widely documented as a safe and easy tool for the diagnosis and monitoring of pneumonia and

several other respiratory infections and diseases. During the pandemic, it played a primary role to

achieve  early  suspicion  and prediction  of  severe  COVID-19,  reducing  the  risk  of  exposure  of

healthcare  workers  to  positive  patients.  However,  innovations  that  can  improve  diagnosis  and

treatment allocation, saving hundreds of thousands of lives each year, are not reaching those who

need them most. In this paper, we discuss advantages and limits of different tools for the diagnosis

of pneumonia in low-to-middle income countries, highlighting potential benefits of a wider access

to  lung  ultrasound  in  these  settings  and  barriers  to  its  implementation,  calling  international

organizations  to  ensure the  indiscriminate  access,  quality  and sustainability  of  the provision  of

ultrasound services in every setting.
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Background

Each  year,  approximately  920,000  children  die  from  acute  lower  respiratory  tract  infections

(ALRTIs) before age 5.1 A substantial  reduction in  estimated deaths  from pneumonia in  recent

decades  (0.9 million  in  2015 vs  1.7 million  in  1990) reflects  not  only economic  development,

improved  nutrition  and  reduced  household  crowding,  but  also  improvements  in  specific

interventions  such  as  better  case  management,  including  empirical  antibiotic  treatment,  and

vaccination campaigns against the main pathogens of pneumonia.2,3 

However, pneumonia remains the leading cause of death globally in children under the age of five,

accounting for about 12.8% of annual deaths beyond the neonatal period.1 

Pneumonia continues to disproportionately affect children in impoverished areas with both short-

term and long-term consequences. The latter are linked to the spread of antibiotic-resistance, which

represents  a  major  threat  to  global  health  especially  for  low-  and  middle-income  countries

(LMICs).1,4,5In fact,  although viruses represent the most frequent cause of LRTIs, most children

with  suspected  or  confirmed  pneumonia  are  still  treated  with  empirical  and often  unnecessary

antibiotics6, contributing to the spread of antibiotic resistance. In the Centers for Disease Control

and Prevention Etiology of Pneumonia in the Community cohort, only 15% of hospitalized children

with  radiographic  pneumonia  had  a  detectable  bacterial  etiology;  however,  88%  received

antibiotics.7 Current  guidelines  do not  help  the  physician  on how to approach to  an  optimized

strategy for prevention, diagnosis, and treatment of disease for each single child with LRTIs, based

on  his  or  her  unique  characteristics,  but  mainly  suggest  a  general  approach  to  pediatric

pneumonia.8.9

Current challenges in diagnosis and management of pneumonia in LMICs

In primary care settings in low-income communities, the diagnosis of pneumonia is mainly clinical

and guided by the Integrated Management of Childhood Illnesses (IMCI) approach of the World

Health Organization (WHO).8 WHO guidelines classify acute LRTIs as “absence of pneumonia”,
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“mild pneumonia” (with tachypnea or chest wall  retraction),  or “severe pneumonia with danger

signs” (stridor when the patient is calm, hypoxia, inability to feed, persistent vomiting, convulsions,

and decreased level  of consciousness).8Although all  guidelines  state  that clinical  examination is

sufficient  for  the  diagnosis  of  pneumonia,  studies  have  clearly  showed the  low sensitivity  and

specificity of this approach.10In fact, most practitioners seek support in radiological confirmation,

when accessible.11 

With the rationale  that pneumonia has a bacterial  cause in a substantial  percentage of children,

current  guidelines  emphasize  sensitivity  over  specificity,  suggesting  in  LMICs  a  diagnosis  of

pneumonia in children with tachypnea and cough. In these cases (eg “chest-indrawing pneumonia”),

the WHO recommends a 5-day course of oral amoxicillin as first-line treatment in children younger

than 5 years of age.8,12,14 This clinical approach mainly relies on expert opinion and weak evidence,

having poor sensitivity for both the diagnosis of pneumonia and its etiology.13,14

However, the epidemiological characteristics of pneumonia are changing also in LMICs following

vaccination against the main pathogens such as Haemophilus influenzae type B and Streptococcus

pneumoniae5,15-17 with viral pathogens now cause of most LRTIs.18 

Recent trials further supported these data. Ginsburg et al. in Malawi15  demonstrated that a 3-day

course of amoxicillin was not inferior to a 5-day course. Jehan et al in Pakistan16 showed that more

than 93% of Pakistani children who were randomly assigned to receive placebo recovered quickly

without relapse.  The number of children with pneumonia and tachypnea who should have been

treated with amoxicillin to prevent treatment failure was 44. This finding suggests, on one hand,

that a significant number of ALRTIs were of viral origin and did not require antibiotics.16  On the

other, this number of patients is relatively high to suggest that antibiotics may not be guaranteed for

large numbers of children in these resource-constrained countries.19Also, it is possible that a number

of children clinically diagnosed with pneumonia did not have pneumonia. These concepts suggest

that there are subgroups with a clinical phenotype severe enough to warrant antibiotic therapy and

identifying these subgroups for targeted treatment can limit unnecessary use of antibiotics.
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The effect of excessive treatment on the community should not be neglected in the era of increasing

antimicrobial multi-resistance. Resistance to beta-lactam antibiotics is at epidemic levels in some

parts of LMICs20, and antibiotic prescription appropriateness is the only sure way to prevent further

extension of cephalosporin and carbapenem resistance.

These  data  highlights  that  in  LMICs there  is  a  worrying gap in  the  appropriate  diagnosis  and

treatment allocation of children with suspected pneumonia. While in the past decades global health

efforts focused in providing greater access to care (mainly vaccines and antibiotics) in LMICs, time

has probably come to focus on providing  appropriate and  effective care. The flattening curve of

reduced pneumonia-related  deaths  during the  last  years,  and the increasing threats  of antibiotic

resistance,  should  highlight  the  need  of  a  more  modern,  globalized,  respectful  and  sustainable

approach in global health. The next step to sustainably reduce pneumonia mortality should be based

on the concepts “how can we improve the accuracy of pneumonia diagnosis in LMICs?” and “how

can we better allocate to antibiotic treatment each child with pneumonia?”. Approaches focusing

on  mass  antibiotic  distribution,  although  in  the  short-term  showed  efficacy  in  reducing  child

mortality, were associated with increased antibiotic resistance and are not economically sustainable

and are impossible to achieve for millions of children.20,21

If such an approach would never be considered in richer settings, why should it be supported in

LMICs, if a better diagnostic and treatment process can be accomplished?

A further limitation of mentioned studies15,16,22,23,common challenge in daily practice in LMICs, is

related to the lack of opportunities for clinical-imaging monitoring of those patients with suspected

pneumonia, thanks to whom a clinician would better decide how to manage a child, according to its

improvement/worsening  during  the  following  days.  This  limitation  is  mainly  due  to  the

unsustainability of traditional radiological/microbiological equipment in LMICs. Is this really an

unsolvable problem?
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Limits of traditional tools for the clinical and etiological diagnosis of pneumonia in LMICs

The  microbial  diagnosis of  pneumonia  in  children  is  not  easy  to  establish  without  invasive

procedures, which in addition to being inaccessible in LMICs countries, are only rarely performed

in this age group.24 

To  date,  both  clinical  findings25and  laboratory  results26,27failed  to  accurately  distinguish  viral,

bacterial  and atypical  pneumonia.  Even studies  that  report  differences  in  laboratory  biomarkers

could  not  determine  reliable  thresholds  for  differentiating  bacterial  pneumonia  from  viral

pneumonia28,  since normal tests do not always exclude bacterial  pneumonia.8,9Moreover, routine

performance of blood tests in LMICs is difficult in terms of costs, risk of parenteral infections (eg

HIV),  waste  storage  and  disposal,  need  of  infrastructures  and  their  maintenance,  including

electricity and running water.8

Radiologically, the “gold standard” for the diagnosis of CAP is the chest Computed Tomography

(CT) scan, however its routine use in children is not ethical and is expensive.30 Chest x-ray (CXR) is

not necessary to confirm the diagnosis of acute LRTIs in milder cases and is also associated with

radiation  exposure.28Moreover,  CXR  cannot  reliably  establish  the  microbial  diagnosis  of

pneumonia29 and  the  interpretation  of  radiographic  images  varies  significantly  among  the

observers.30 Furthermore, only 220 million people - for a population of over five billion people -

(both  individually  and  at  the  level  of  the  hospital  units)  in  LMICs  have  access  to  traditional

radiology services. The WHO estimates that 60% of the world's population does not have access to

CXR, CT, or other imaging tools in their local health centers.31Traditional radiological areas require

expensive equipment, large areas, continuous use of electricity and heavy maintenance, which is not

feasible in most LMICs settings, particularly in peripheral ones.

The role of lung ultrasound in the diagnosis of LRTIs in children
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In recent years, lung ultrasound (LUS) use has been widely studied as an alternative diagnostic tool

for pneumonia of both bacterial and viral origin, proving to have high specificity and sensitivity for

the diagnosis and follow-up of pneumonia in children32-34. Moreover, LUS has several advantages

over CXR, particularly useful for the pediatric population: radiation-free, lower cost, possibility of

follow-up examinations, ability to monitor treatment, easy accessibility in all settings, fast, easily

learnable, and can be used immediately as a point-of-care method. LUS results are immediately

available to the clinician, allowing decisions about the initial empirical treatment.29,32-35 

The first decade of LUS studies focused on the role of LUS in detecting pneumonia. A recently

performed  meta-analysis  confirmed  high  sensitivity  (96%)  and  specificity  (93%)  of  LUS  for

detecting pneumonia in children.36 The accuracy of LUS for the diagnosis of pneumonia has been

confirmed worldwide and there is international agreement on this, including during the COVID-19

pandemic.37,38 

In this context, recognizing bacterial pneumonia from a viral or atypical pneumonia using LUS at

patient’s  bedside  would  allow  to  offer  a  more  focused  approach  and  treatment  to  each  child,

responding  to  a  modern  medical  concept  that  each  patient  is  a  unique  one  and  requires  a

personalized approach. 

First studies showed specific LUS patterns to diagnose viral LRTIs and bronchiolitis in children.

39,40 Buonsenso and colleagues33,34 showed that specific LUS patterns on diagnosis and after 48 hours

of treatments (bronchograms, consolidation size, characteristics of pleural effusion) were predictive

of antibiotic response in children with pneumonia, more than clinical data and laboratory results.

Berce  et  al29evaluated  147  children  hospitalized  because  of  CAP,  showing  that  LUS  detected

consolidations in viral CAP were significantly smaller, with a median diameter of 15mm, compared

to 20mm in atypical bacterial LRTIs (p = 0.05) and 30 mm in bacterial LRTIs (p <0.001). Other

authors also highlighted that consolidation size or distribution can support the diagnosis of viral

bronchiolitis,  Influenza  pneumonia  and  COVID19  pneumonia.29,37-40A  recent  prospective  study
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performed by Buonsenso et al35found that air bronchograms were more common in bacteria and

atypical  pneumonia  but,  importantly,  fluid  bronchograms were  almost  exclusively  described in

bacterial  cases.  Also,  complicated  pleural  effusions  were  never  described  in  viral  pneumonias.

Vertical artefacts, which gained more interest during the last year and in particular since LUS has

been routinely used in COVID-19 pneumonia32,37,38, also played a significant role, since in bacterial

pneumonia were mainly located in proximity of the main consolidation , while in the others were

mostly diffuse and bilateral.35Conversely, clinical parameters, including fever, chest pain and main

auscultation features, and laboratory were not able to significantly distinguish between these groups

of pneumonia. CXR, despite being still widely used, was the less useful tool in this discrimination.35

The ultrasound power in LMICs

During this period of rapid globalization, technology has had its greatest impact in the provision of

health services.41 One of the most important technological tools in the provision of quality health

services is ultrasound, the application of which is increasingly wide. Already in 1985, WHO stated

that there are "very real benefits to be gained from the use of ultrasound" and noted its potential for

"better  patient  management  and individual  care" in developing areas (eg where ultrasound may

represent the only useful radiological service).42,43

Ultrasonography is considered a sustainable type of technology for developing countries, due to its

relatively  low  purchase  cost,  low  cost  of  maintenance  and  supplies,  portability  and  durability

compared to other imaging modalities.44The most recent devices (whose development have been

accelerated  by  the  COVID-19  pandemic  when  point-of-care  ultrasound  was  found  particularly

useful in this context) can be linked directly to a smartphone. 

Additionally to known benefits, ultrasound (LUS in particular) can be readily learned by a variety

of medical professionals, not just radiological,  to allow for rapid assessment and treatment in a

variety of settings. Ultrasound devices can be used by a single operator, handheld and can provide
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diagnostic  capabilities  at  a  much lower cost  than other  imaging tools  such as  CT or  magnetic

resonance  imaging  (MRI)  and,  in  rural  regions  of  LMICs,  also  compared  with  to  traditional

radiology.45 These features make ultrasound an attractive option for clinical use in LMICs for both

inpatient and outpatient use.

Several studies have demonstrated the diagnostic utility of ultrasound in the medical, surgical and

obstetric fields in LMICs.46,47This has led to the increase in point-of-care ultrasound (POCUS) in

LMICs45, which is done by the doctor in real time and at the bedside.48Studies have shown that

doctors and other healthcare professionals can perform effective and accurate scans after 3 hours of

teaching and about 5 hours of practice.49

Several studies45-50 have shown that POCUS can represent an important diagnostic tool in rural areas

of low-income countries,  which often lack radiological facilities.  Ultrasound has been shown to

change the initial  diagnostic  hypothesis  in  a  considerable  part  of cases,  thus  improving patient

management.49,50 Kolbe et al51showed that POCUS performed on 132 Nicaraguan patients led to a

new diagnosis in 52% of them and in 48% of cases it changed the therapeutic management.

Regarding lung ultrasound (LUS) in particular,  there are not many studies evaluating its use in

LMICs because its application is still scarce in these countries. However, LUS can be an important

tool  for  the  development  of  health  services  in  LMICs,  especially  when  it  is  compared  with

traditional radiological investigations, which are mostly inaccessible in LMICs, cannot be routinely

suggested and used in children, and are unable to provide a reliable etiological diagnosis. Other than

this logistic/economic advantages, particularly when is used in adjunction to clinical data, LUS can

accurately diagnose pneumonia and support the etiological (viral/bacterial) of pneumonia and offer

a personalized approach to patients. If further confirmed, this approach can also support antibiotic

stewardship programs.
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Furthermore, considering the recent literature data29,35-40,52which show the proven ability of LUS to

detect pneumonia, cardiogenic edema and inflammatory interstitial lung disease, the potential for

application of LUS in poor countries can certainly increase. In particular,  respiratory distress is

common in patients with malaria or sepsis. A major cause of life-threatening respiratory distress in

these common infectious diseases in LMICs includes acute respiratory distress syndrome (ARDS).53

Early bedside detection of life-threatening ARDS can guide therapy, which could possibly improve

outcomes.  In  previous  studies,  LUS  has  been  shown  to  outperform  chest  X-ray  in  detecting

pulmonary edema.54 Recently, a modification of the international consensus definition of ARDS

(the  Berlin  definition)  has  been  proposed  to  facilitate  a  diagnosis  of  ARDS  based  on  lung

ultrasound and SpO2 / FiO2 (SF) ratios in resource-limited settings.55,56A recent observational study

in an intensive care unit in the Netherlands found a high diagnostic agreement between the Berlin

definition and the new Kigali modification.57 

Furthermore, a recent study53demonstrates the great potential advantage of point-of-care LUS in the

early diagnosis of pulmonary manifestations of malaria and sepsis by describing the patterns of

LUS aeration. The study results highlight the difficulties of diagnosing ARDS in a resource-limited

hospital according to conventional criteria and show the potential for adapted LUS-based ARDS

criteria to be used for the triage of high-risk patients. In the absence of other imaging facilities, or

where the quality of available CXR is poor, the availability of an ultrasound machine can accelerate

the underlying diagnosis of severe respiratory distress in LMICs. 

Also in this cases, without wasting unsustainable resources, it is possible to optimize patient care

both at the time of diagnosis and during follow-up.

Challenges, inequalities and difficulties in accessing ultrasound in LMICs 

A review shows that research studies on the use of ultrasound and POCUS in LMICs have increased

by nearly 60% and expanded geographically by 20% over the past decade.45 However, the evidence

also suggests that most of the ultrasound studies were conducted at tertiary care centers (over 70%
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of all ultrasound studies) in middle-income countries, demonstrating broader problems such as lack

of access to health care in low-income economies and especially in rural areas.45

This reflects what happens in clinical practice and the inequality of supply, training and acquisition

of medical equipment within the LMICs themselves.

The social reality in LMICs directly influences the training and acquisition of medical equipment.

For example, it is still thought that ultrasound is the exclusive portfolio of the radiologist and some

very  specific  specialists  such  as  in  emergency  intensive  care,  gynecology-obstetrics  and

cardiologists. Outside of this niche, the other specialties and professionals are navigating a limbo

where there is no one to support, regulate and train them as potential users of ultrasound at the point

of care.  However, a similar scenario happened in the United States and Europe, where recently

protocols and procedures have been clarified and ultrasound techniques became accessible to other

specialists and is currently are taught in several medical schools.

The  accessibility  of  the  equipment  by  suppliers,  whether  by  government  agencies  or  the  self-

purchase of the equipment by the same user, is still complicated in Latin America as well as in other

LMICs. For example, the salary of a general practitioner in Mexico ranges from 400 to 720 euros

per month in the best of cases, a pocket ultrasound with acceptable characteristics is around 1,900

euros, which some professionals cannot afford easily. Therefore, there remains their acquisition by

private or government organizations that must be convinced that investing in portable ultrasound

equipment will also save costs.57,58

Two areas have major implications on the access, quality and sustainability of ultrasound service

delivery  wherever  it  is  established:  ultrasound  equipment  maintenance  and  training.  Indeed,

ensuring  the  sustainability  of  ultrasound  programs  in  settings  with  limited  resources  will  also

require  the  implementation  of  successful  training  programs  for  local  professionals  and  the
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development of quality assurance markers. The lack of qualified ultrasound scanners, most likely

due to poor conditions in a developing world, has been an obstacle to the implementation of clinical

examination with ultrasound assessment,  but  the training  of local  health  workers in developing

countries is possible, more ethical, and could allow effective use of ultrasound.

In fact, training is also fundamental for the sustainability, quality and reliability of any service, in

particular  ultrasound  services.  Since  the  quality  of  ultrasound  depends  on  the  operator,  both

theoretical and practical training must be combined to enrich the operator's experience and ensure

quality of service. Mindel supports the strengthening of local training programs59, which can be

more sustainable and cheaper than sending doctors abroad60 or quality assurance.50,58

In  circumstances  where  quality  local  training  is  not  available,  the  alternative  remains  foreign

training or the rotation of visiting experts considering that teaching POCUS and LUS to medical

and non-medical health professionals is possible with an intensive training of a couple of weeks

which includes practical-theoretical  courses.50To ensure continuity,  however,  constant telematics

collaborations should also be established with foreign institutions and ultrasound schools.

Additionally, the use of portable ultrasound machines can improve access in remote rural areas.

Since many hospitals in these areas do not have reliable power supplies, the use of solar panels can

provide relief from the challenge of inadequate power supply to keep the system running in rural

areas of LIMCs. 

An effective referral system between primary and specialized centers should also be established,

and protocols should be developed.  This will allow patients to be referred to specialists whenever

there are doubts about certain results.
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A call  for action of  global  health to finance access  to ultrasound services  and training in

LMICs

Pneumonia  remains  a  neglected  disease  both  nationally  and  globally.61 Pneumonia  deaths  are

decreasing but more slowly than other leading causes of infant mortality62, and too slowly to reach

the sustainable development goal of ending preventable infant deaths by 2030.62-64 

Pneumonia today can be considered the disease of poverty. The poorest children are the ones most

at risk of dying. Innovations that can improve diagnosis and treatment allocation, saving hundreds

of thousands of lives each year, are not reaching those who need them most.62-64 The early successes

of wider antibiotic access in LMICs, which contributed to reduce pneumonia mortality during the

last decades, is now becoming an indiscriminate access to antibiotics, and is fueling the spread of

antibiotic resistance globally and in LMICs. This is not contributing in further decrease in mortality

and, ultimately, this will end in increased mortality during the next decades.65-66

Therefore,  time  has  come to  shift  from better  access  to  care,  to  access  to  better  care.  Recent

developments in technological innovation can easily allow this, and LUS can support this process in

LMICs, if global health institutions pose the proper attention and interests on this issue. 

The WHO programs are aiming to achieve the Sustainable Development Goal (SDG) 3.2 by 2030,

through the support of greater inclusion of pneumonia control in the main global health policies,

programs  and  initiatives.  Among  the  initiatives,  the  program  mention  the  collaboration  with

partners and ministries of health; and a call to governments and international development agencies

to issue vaccines, diagnostic tests, pulse oximetry, antibiotics and oxygen delivery in LMICs.63-64,67   

The acquisition of these goals requires a multidisciplinary collaboration on different levels,  not

easily  linked.  Conversely,  improving the proper diagnosis and treatment  of pneumonia is  much

easier and feasible in the short time, and would be the primary step to achieve the final goal of

reduced childhood mortality (figure 1). LUS is not the solution, but can play a primary role in the
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fight against  pneumonia and can be easily implemented in the short  time but with long lasting

benefits, since it is already well established in richer countries.  

In conclusion, we believe that in the programs of the WHO and its partners it is essential to include

and ensure the access, quality and sustainability of the provision of ultrasound services of POCUS

and LUS through the supply of equipment, maintenance and training of their users.

In remote health centers or even where there are none, geographic areas with high social inequality

that affect the health of children,  POCUS and LUS add incalculable value to the diagnosis and

management of patients, ultimately saving lives.
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Figure Legend 

Figure 1. Key characteristics of clinical examination, lung ultrasound and chest X-ray with traffic-

light system signaling potential for achieving a comprehensive management of pneumonia in Low-

to-Middle  Income  countries.  We  used  a  traffic-light  system to  identify  factors   or  barriers  to

widespread  global  implementation  of  Lung  Ultrasound  in  LMICs  compared  with  clinical

examination and traditional radiology, with red indicating high difficulty/barriers, amber medium,

and green little or no difficulty/barriers to implementation. Colors were decided by the two authors

according with available literature. Disagreements were resolved through discussion. 
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