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1. Glossary

ARI
ADV
CFR
CHU
CRESIB
Flu
GAVI
Hib
hMPV
HER
IMCI
ICU
IPD
OR
PCR
NPA
PCV
RISC
RR
RNA
UNICEF
WBC
WHO

Acute Respiratory Infection

Adenovirus

Case fatality rate

Centre Hospitalier Universitaire

Centre de Recerca en Salud Internacional de Barcelona
Virus influenza

Global Vaccine Alliance

Haemophilus Influenzae type b

Human metapneumovirus

Hopital d’Enfants de Rabat

Integrated management of childhood iliness
Intensive Care Unit

Invasive Pneumococcal Disease

Odds Ratio

Polymerase chain reaction
Nasopharyngeal Aspirate

Pneumococcal conjugate vaccines
Respiratory Index of Severity in Children
Relative Risk

Ribo Nucleic Acid

The United Nations Children's Fund
White Blood Cell

World Health Organization







2. Summary (English)

Despite of intense efforts in recent years towards the reduction of the burden of mortality
from pneumonia, this disease remains one of the major public health problems threats to child
survival in large parts of the world. The existing control measures are clearly insufficient to
reduce globally the impact of this disease. In fact, the burden of this disease in terms of
morbidity and mortality remains unacceptably high with almost one million children dying
every year as a result of pneumonia episode, or what is the same, around one death every
thirty four seconds. After neonatal conditions, pneumonia is the second most important killer
of children, accounting for over 15% of all pediatric deaths. Over 90% of these pneumonia-
associated deaths in young children occur in developing countries and are mainly secondary to
bacterial infections. While clinical disease can affect any age group, mortality from pneumonia

is essentially limited to children under five in poor countries.

The availability of effective vaccines against bacterial pneumonia, coupled with adequate and
efficacious antibiotic treatments, should be sufficient to reduce this burden. Nevertheless, the
identification and early treatment of clinical episodes and access to health centers seem to be
an often insurmountable challenge in poorest countries, and children who would mostly
benefit from such measures do not always receive them at all. Additionally, other important
variables including malnutrition and low socioeconomic status, frequent in low and middle
income countries where the major burden of these infections prevails, can adversely affect the

prognosis of such episodes.

Knowledge of the locally specific determinants of pediatric respiratory disease in such settings
would help to better understand why we are still far away from adequately controlling these

infections, and why they still cause such a major impact in child health.

The first article of this thesis attempts to comprehensively review what was the available
knowledge regarding pediatric pneumonia in Morocco, prior to the initiation of this project.
Indeed, scarcity of data often hinders the implementation of measures to prevent and better
manage these infections. This review confirms the alarming lack of recent data regarding

pediatric pneumonia one of the major killers of children in Morocco.

The second article of this thesis is a general overview on the epidemiology, etiology and the
clinical presentation of acute respiratory infections in Moroccan children under the age of five
years. Through our study, we were able to show a high prevalence of viral infections, with
wheezing as the major clinical symptomatology. These findings are similar to what can be

found in wealthy countries and markedly differ from the high bacterial burden that can be



found in poorer settings, although overall case fatality rates remained unacceptably high in our

setting.

As a result of afore mentioned high case fatality rates in our series, we decided to investigate
the specific risk factors upon admission for a bad prognosis during hospitalization. The results
of this analysis are presented in the third article of this thesis. The article concluded that the
early identification of factors associated with a poor prognosis could improve management

strategies and the survival likelihood of Moroccan children with severe pneumonia.

In the fourth article of this thesis, we chose to focus on two highly prevalent and potentially
hazardous viruses causing acute respiratory infections in our setting, namely respiratory
syncytial virus (RSV) and Human metapneumovirus (hMPV). In this analysis, we compared the
epidemiological, clinical and laboratory features of these two infections, and concluded that
despite the clinical presentation of those two pathogens was almost indistinguishable, hMPV
tented to be highly more severe and significantly associated to a poor outcome. An early
recognition of these viruses and good management of the cases is important to guarantee a

better outcome.

The fifth article of this thesis specifically addresses the use of antibiotics to treat acute
respiratory infections in Morocco. By analyzing data on pre-admission antibiotics use, and
intra-hospital antibiotics utilization, we discuss whether such valuable drugs are used rationally
in the country and whether a tighter control on antibiotics usage should be required, in a
country such Morocco where over the counter drugs sale are common. This analysis also
reflects on whether antibiotic usage may have had or not an impact on antimicrobial resistance

rates.

Finally, the last article of this thesis examines data on the distribution of serotypes among
streptococcus pneumoniae isolates from the nasopharynx of healthy children and compares it
to those isolated among admitted children with clinical severe pneumonia closely to the time
of the implementation of the streptococcus pneumoniae 13-valent conjugate vaccine in
Morocco. These data will be used as a baseline to help assessing the impact of the vaccine and

to monitor any potential serotype replacement phenomena.

Altogether, this thesis tries to offer a comprehensive snapshot of the situation of pediatric
pneumonia in Morocco. A more precise understanding of the current situation will allow a
better design of preventive and curative strategies and potentially the alleviation of the

significant burden that respiratory infections still impose to children in this country.



3. Summary (Spanish)

A pesar de los esfuerzos hechos para reducir la carga de mortalidad causada por las
infecciones respiratorias agudas, estas enfermedades se mantienen como uno de los
principales peligros para la salud infantil en amplias zonas del mundo. Las medidas de control
existentes son claramente insuficientes a la hora de reducir globalmente el impacto de
infecciones tan comunes en la infancia. De hecho, la carga de estas enfermedades en términos
de morbilidad y mortalidad persiste inaceptablemente alta con, anualmente, cerca de un
millén de muertes anuales, lo que es lo mismo, una muerte cada 34 segundos. Las infecciones
respiratoria agudas siendo las neumonias, su forma mas paradigmatica, son responsables del
15% de las muertes de nifilos menores de 5 afios en el mundo. Mas del 9o% de estas infecciones
respiratorias agudas se producen en los paises en vias de desarrollo, fundamentalmente
asociadas a neumonias bacterianas. Mientras que la enfermedad clinica puede afectar a
cualquier grupo de edad, la mortalidad por neumonia se ve esencialmente circunscrita a los

nifios menores de cinco afos en los paises pobres.

La disponibilidad de vacunas efectivas contra las neumonias bacterianas, sumada al uso
adecuado de los tratamientos antibidticos, deberia ser suficiente para reducir esta carga. Sin
embargo, la identificacidon y tratamiento precoz de los episodios clinicos y al acceso a los
centros de salud parecen constituirse como barreras infranqueables en la mayoria de los
paises pobres. Adicionalmente, la malnutricion y el bajo nivel socio econédmico imperante en
muchos de estos entornos ddénde las neumonias son un mayor problema, contribuyen

desfavorablemente al mal prondstico de estas infecciones.

El conocimiento de los determinantes locales especificos de la enfermedad respiratoria aguda
pedidtrica en esos entornos ayudaria a entender o mejor por qué todavia estamos muy lejos de
controlar adecuadamente estas infecciones, y profundizar sobre las razones por las cuales

siguen causando un impacto tan importante en la salud del nifio.

El primer articulo de esta tesis busca e copila de forma detallada el conocimiento existente
sobre las neumonias pediatricas en Marruecos antes de la iniciacién de este proyecto. De
hecho, la escasez de datos a menudo dificulta la implementacién de medidas para mejor
prevenir y controlar estas infecciones. Esta revisidon pone en evidencia la alarmante escasez de
datos recientes sobre una de las primeras causas de morbi-mortalidad pedidtrica en

Marruecos.



El segundo articulo de esta tesis ofrece una visidn general sobre la epidemiologia, la etiologia y
la presentacion clinica de las infecciones respiratorias agudas en nifios marroquies menores de
cinco afios. A través de nuestro estudio, hemos sido capaces de mostrar una alta prevalencia
de infecciones virales, siendo las sibilancias la sintomatologia clinica predominante. Estos
resultados son similares a lo que se puede encontrar en los paises ricos, y marcadamente
diferentes de la elevada carga de bacterias que se pueden encontrar en los entornos mas
pobres, aunque las tasas de letalidad general se mantuvieron inaceptablemente altas en

nuestro estudio.

Precisamente como consecuencia de esta elevada letalidad, decidimos investigar los factores
de riesgo especificos de un mal prondstico durante la hospitalizacién. Los resultados de este
andlisis se presentan en el articulo tercero de esta tesis, cuya conclusidn principal es que la
identificacién temprana de los factores asociados con un mal prondstico podria mejorar las
estrategias de manejo y la probabilidad de supervivencia de los nifios marroquies con

neumonia grave.

En el cuarto articulo de esta tesis, decidimos centrarnos en dos virus altamente prevalentes y
potencialmente peligrosos que causan infecciones respiratorias agudas en nuestro medio: el
virus respiratorio sincytial (VRS) y el metapneumovirus humano (hMPV). En este andlisis, se
compararon las caracteristicas epidemioldgicas, clinicas y de laboratorio de estas dos
infecciones, y se pudo concluir que, a pesar de presentar una sintomatologia clinica
practicamente indistinguible, el hMPV tendia a ser un poco mds grave y asocidndose en
nuestra serie significativamente con un mal prondstico. Un reconocimiento temprano de estos

virus y la buena gestion de los casos es fundamental para garantizar una mejor evolucién.

El quinto articulo de esta tesis aborda especificamente el uso de antibidticos para tratar las
infecciones respiratorias agudas en Marruecos. Mediante el andlisis de datos sobre el uso de
antibidticos antes del ingreso, y la utilizaciéon de antibidticos intra-hospitalarios, se discute si
estos medicamentos valiosos estdn -0 no- siendo usados de forma juiciosa y racional; y si un
control mas estricto sobre su uso deberia exigirse, en un pais como Marruecos, donde la venta
sin receta y de forma incontrolada son prdacticas comunes. Este andlisis también reflexiona
sobre si el uso indiscriminado de antibiéticos puede haber tenido o no un impacto en las tasas

de resistencia a los antimicrobianos.

Finalmente, el dltimo articulo de esta tesis examina los datos de la distribucidn de los serotipos
de Streptococcus pneumoniae aislados de la nasofaringe de nifios sanos y lo compara con

aquellos aislados entre los nifios ingresados con neumonia clinica grave, precisamente en el



contexto de la reciente introduccién en Marruecos de la vacuna conjugada 13-valente contra
este microorganismo. Estos datos serdn utilizados como base de referencia para ayudar a
evaluar el impacto de la vacuna y para monitorizar los posibles fendmenos de reemplazo de

serotipos.

En conclusidn, esta tesis trata de ofrecer una vision global de la situacién de la neumonia
pedidtrica en Marruecos. Una comprensidon mas precisa de la situacidn actual permitird un
mejor disefio de estrategias preventivas y curativas, y, potencialmente, el alivio de la carga

significativa que las infecciones respiratorias siguen imponiendo a los nifios en este pais.






4. General Introduction

4.1. The global burden of acute respiratory infections in children under five years of
age

As of today, Pneumoniaremains the leading infectious cause of death among children under-
five, killing nearly 2,600 children a day. Pneumonia accounts for 15 per cent of all under-five
deaths and killed about 940,000 children in 2013 [1, 2]. Most of its victims were less than 2
years old. The global incidence of ARI in children is estimated to be 154 million cases per year
with each child suffering an estimated 4-6 episode per year (ALRI ~0.4 per year). Nearly 10% of
these episodes are severe enough to require hospitalization [3]. The mean cost for the subset
of patients requiring hospitalisation for ARI was estimated to 12000 US$ per episode [4-5]. The
United Nations General Assembly Millennium Development goal number 4 (MDG4), which
aimed at reducing under 5 mortality rate by two-thirds between 1990 and 2015, was the

decisive move to put pneumonia at the forefront of the global health agenda. [4-6]

Children living in developing countries have especially high morbidity and mortality rates,
resulting in a substantial burden imposed to the already fragile and often undersupplied health
care systems [6-8]. These weaknesses possibly contributes indirectly to the inherent already
high mortality associated to acute respiratory infections, in relation to challenges in the access
to health, limitations in diagnostic and management tools, and the existing inequities in access
to care and preventives services for all. Additionally, other frequently coexisting factors in
developing settings, such as undernutrition, crowding and inadequate immunization, all well-
established prognostic markers for ARIs, contribute to the adverse outcomes seen in poor

countries [6-10].

In 2007, WHO and UNICEF jointly launched the Global Plan for Pneumonia (GAPP) [11], based
on 3-pronged platforms of prevention, protection and treatment. This plan focused on
improving nutrition, reducing exposure to indoor and outdoor air pollution, increasing vaccine

coverage and delivering on a timely manner effective antimicrobial treatment.

Respiratory infections cause a variety of clinical syndromes of which pneumonia, perhaps the
most pragmatic and severe of it all, is the most commonly associated with an adverse

outcome, causing over 90% of all deaths [12].

A substantial proportion of pneumonia cases and deaths are attributable to two bacterial

pathogens, streptococcus pneumonia [13], and Haemophilus influenzae type b (Hib) [14],



although their burden and geographical distribution has significantly decreased, since the

progressive implementation of the two available conjugate vaccines against them. [15].

Indeed, the implementation in many developing countries as a result of the GAVI initiative’s
support can prevent childhood pneumonia and its severity by as much as 50% [16-17]. Other
common clinical syndromes affecting the respiratory lower tract include bronchiolitis and

bronchitis, more typically associated to viral infections.

In this respect, the burden of viral-related ARI, and paradigmatically that of viruses such as

respiratory syncytial virus (RSV) is increasingly recognized as a

Cause of respiratory track-associated mortality [18-19]. Indeed, RSV, is believed to cause an
estimated 3.4 million annual hospital admissions, and between 66.000-199,000 deaths,

accounting for at least one in every five ARI episodes among children younger than 5 years of
age [18].

Whichever the underlying cause, case fatality rates among under-fives hospitalized with

pneumonia are reported to be around 19% [3].

In rural setting of low or middle income countries, diagnosis of the most common paediatric
diseases such as ARI generally depends on the recognition by primary health care workers of
clinical symptomatology. Based on this rationale, the WHO developed in the 90’s the
integrated management of childhood illnesses (IMCI) guidelines [20], a set of highly sensitive
clinical algorithms providing guidance for diagnosis and management of common paediatric
conditions. While at the peripheral level these highly sensitive clinical algorithms have
contributed to saving thousands of lives [21], their poor specificity, makes them insufficiently
reliable at the hospital level unless complemented by laboratory determinations [22-24]. As a
result of the wide use of IMCI guidelines in Morocco, and under the guidance at the peripheral
level of clinical signs rather than laboratory —confirmed diagnoses, antibiotic misuse in on the
rise. Indeed, diagnostic uncertainty often leads to overtreatment, wasting the limited existing
resources and accelerating antibiotic resistance level in the community, but more importantly,
misdiagnosis (between viral and bacterial pneumonia) may divert the specific treatment from
the real aetiology, putting in danger the patient’s life. As the quality care and services in many
African referral hospitals is already notoriously poor and necessarily constrained by limited
resources [25-26], distinguishing the real aetiology causing their admission becomes critical to

improve patient’s survival chances.

Despite the pandemic character of acute respiratory infections in children, and its significant

global burden (accounting for 115 227 000 disability-adjusted life years (DALYs) in 2010 [27]),
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investments to improve this situation remain modest, with only about one percent (US$32
million) of all pharmaceutical research and development funding being spent on research and
development for ARIs in 2007, compared with US$1.1 billion spent on HIV-related research.
Clearly, investment in pneumonia research is low relative to its burden [28-29] and may require

significant strengthening to adequately address its major impact in child survival [28-30].
4.2. Definition and classification of acute respiratory infection

Definition of pneumonia
In the poor resource regions in the world, the definition of pneumonia adopted is the WHO
definition [31], which correspond to the presence of cough or difficulties of breathing and age
adjusted tachypnea (age 2-11 months,> 50 / min;1-5 years, 240/ min). Severe pneumonia is
defined as “cough or difficulties of breathing, plus one of the following: Lower chest
indrawing, nasal flaying, or grunting”. Very severe pneumonia is defined as severe pneumonia
plus one of the following: Cyanosis, severe respiratory distress, inability to drink, or vomiting,

or lethargy/ unconsciousness/ convulsions”.

Definition of bronchiolitis
Bronchiolitis is a lower respiratory viral infection, which is typically most severe in young
infants, occurs in annual epidemics and is characterized by airways obstruction and wheezing.

It often corresponds to the first episode of airways obstruction in young infants [31].
Definition of bronchitis

Acute bronchitis is a lower respiratory tract infection that causes reversible bronchial
inflammation. In up to 95% of cases, the cause is viral. While antibiotics are often prescribed for
patients with acute bronchitis, little evidence shows that these agents provide significant

symptomatic relief for shorten the course of the illness.

Bronchitis is defined clinically by the combination of a more or less productive cough,
moderate fever, and in auscultation: sub-crackles and [ or rhonchi. This clinical presentation is
often associated with upper respiratory infection: rhinitis or nasopharyngitis. Unlike in adults,
there is no sputum. The disease generally progresses favorably in one to two weeks, or could

be complicated by a secondary bacterial infection [32].
Definition of asthmatic bronchitis or wheezing

Asthmatic bronchitis or wheezing are terms used to describe episodic wheezing in infants and

young children. They design an inflammatory condition with reversible airway obstruction, and

1



are characterized by recurrent episodes of wheezing, often with cough, which respond to

treatment with bronchodilators and /or anti inflammatory drugs [31].

In spite of these definitions, these clinical syndromes are not clear-cut, with frequent
overlapping, or co-existence. Clinician’s diagnosis, not necessary in agreement with
epidemiological definitions, and given at discharge after the evaluation of all available
diagnostic test results, is often used in clinical studies to guide the attribution of the symptoms

to a specific syndrome.

4.3 Geographic distribution

Figure 1: Acute respiratory infection in under five years old children end 2014. Source: UNICEF analysis based on
WHO-CHERG estimates for child causes of death 2000-2013.

More than 99% of all pneumonia mortality occurs in low- and middle-income countries (LMIC).
South Asia and sub-Saharan Africa bear the burden of more than half of the total number of

cases of suspected pneumonia among children under five worldwide [4].

4.4 Risk factors for severity and mortality from ARI

General socioeconomic
and environemental
conditions, health care
system

Individual life style :
Smoking exposure ,
air pollution,
crowding

Individual
characteristics:

age, sexe, heredity,
nutritional status

\

Figure 2: Acute respiratory infection determinants’ among children
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Figure 2 illustrates some of the determinants for severity and a poor outcome among children
with ARI. These determinants can be divided in those depending on the host, those related to
the pathogen, those associated to the health system and those associated to the

socioeconomic status and the environment.

Host risks factors
Age: The risk of severity of pneumonia and the need for hospital admission is greater in
infants. Children aged< 2 months have a significant higher risk of dying 5.2; (95% Cl 1.7 to 16.0)
[10].
Gender: The association between male sex and severe ARI has been reported but it is
inconsistent. Only studies from developing countries have shown an association of OR1.5; (95%

Cl 1.0 to 2.3). Female gender in the other hand, has been associated to an increase by 15% in

mortality [9].

Low birth weight: The pooled studies from developing countries reported a significant
increased RR meta estimate of 3.2; (95% Cl 1.0 to 9.9) of severe ARI for children being born

with low birth weight [9-10].

Undernutrition: Undernutrition is clearly associated with severe ARI. The meta odd ratio

estimated from ten pooled studies conducted in developing countries was 4.5; (95% Cl 2.1 to
9:5) [10].

Breastfeeding: It was reported in studies from developed and developing countries that the
lack of exclusive breastfeeding (defined as only breast milk in the first six months of life), was

associated to severe ARI. Meta odds ratios were estimated at 2.7; (95% Cl 1.7 to 4.4) in

developing countries and 1.3 (95% Cl 0.2 to 8.4) in industrialized countries [10].

Previous illness: The following diseases have been associated with an increased risk of severe

ARI[9].

Chronic respiratory disease:

-Asthma,

-Cystic fibrosis, bronchial ciliary disease,
-Bronchopulmonary dysplasia in the context of prematurity,
-Recurrent bronchitis,

-Severe viral disease squeals (adenovirus, measles).

Co-morbidity:

-Congenital heart disease,

13



-Sickle cell disease,

-Immunosuppression,

-Renal failure (and / or nephrotic syndrome)

-Neuromuscular diseases.
Hypoxemia: Low oxygen hemoglobin saturation (< 90%) is a well established risk factor for a
poor outcome in children and infants. SPo2 measurements of < 90% at the initial visit has also
been shown to be predictive of failure of outpatient oral amoxicillin treatment. Cyanosis is the

clinical sign that has the higher specificity of predicting hypoxemia [9, 33].

Pathogen risk factors
The understanding of the pathogenesis of the respiratory infectious agents is crucial for the

development of effective treatment and public health preventive and control measures.

Whether the underlying infectious agent is of viral or bacterial origin, its capacity to infect the
host and to develop disease depends on its entry route, its ability to gain access to host, the
size of its inoculum, its ability to use host substrates and to circumvent host responses.

Bacterial products can also cause damage of cells or tissues, or can alter host physiology [34].

Respiratory viral infections: The pathogenesis of viral respiratory infections is much poorly
understood. Nevertheless, it is accepted that it depends on the interaction between the virus,

the host and the environment [35].

The host characteristics, including its gender, age, immunological and nutritional status and
the presence of specific cellular receptors for a given virus, can determine the resistance or its

susceptibility to infection.

The disease severity depends on a series of factors, including the virus species, the expression
of surface proteins, and the speed of its replication; its spreading potential, its virulence or the
mutation of its proteins. Each virus can cause different cytopathic effects in the host cell,
which may lead to several symptoms and diseases. Regarding the pathogenic influence of the
viral co-infections, it has been reported that it may depends on the specific viruses involved,

and the timing of their acquisition and its interval.

By increasing bacterial adherence, altering tracheobronchal clearance and by inhibiting the
immunity process, respiratory viruses are associated to the promotion of secondary bacterial
infection. The most well-known viral-bacterial interaction is the synergism between influenza

virus and S. pneumoniae [34].
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The infectivity of the viruses and their propagation can be optimized in certain environmental
conditions such as high temperature for enteric viruses or low temperature for respiratory
viruses. Also, the moisture and the aeration influence the viability of the virus before reaching

their target organ. [35,36].

Bacterial respiratory agents: Haemophilus influenzae, S. pneumoniae, and M. catarrhalis are
commensal agents in the human upper respiratory tract, which occasionally, can turn into
pathogens and cause infectious diseases after the colonization of the nasopharyngeal
niche [34]. All of those pathogens have several pathogenic properties in common. They are
able to interact with mucus, to exert ciliotoxic activity, to adhere to bronchial epithelial cells,

and to invade airway epithelium [37].

Pneumococci have many virulence factors, including capsular polysaccharides, pneumolysin,
pneumococcal surface protein A (PspA), pneumococcal surface protein C (PspC), and
pneumococcal surface adhesin A (PsaA). Among these, capsular polysaccharides are
considered to be the key determinant of its virulence (promoting adhesion to epithelial
surfaces and playing a crucial role in the escape from host defences by complement-
dependent and -independent phagocytosis). Interestingly, our accurate understanding of

virulence factors has been critical for vaccines development [38].

Among 94 S. pneumoniae serotypes currently identified, it is estimated that only 20, are
responsible for the majority of invasive diseases. It has been reported that the invasive
property of pneumococci seems to be determined by capsular serotype rather than genotype
[39]. According to the literature review, serotypes 1, 4, 5, 7F, 8, 12F, 14, 18C, and 19A are more
likely to cause IPD. Serotypes 1 and 19A are the predominant causes of invasive pneumococcal
pneumonia. While, Serotypes 1, 3, and 19A pneumococci are likely to cause empyema and
hemolytic uremic syndrome [38-40]. Serotype 1 that causes sepsis and empyema in Europe and

North America, causes meningitis in the African meningitis belt [41].

The increasing resistance of pneumococcal infections to the antibiotics commonly used to
treat such infections is compromising the Management of the pathogen and it is responsible

for a significant amount of its associated deaths [42, 43].

Health services
Few studies have reported the association between health care related factors and risk of
death from ARI in children. Absent or Incomplete immunization is associated to a high risk of
severity of ARI and increasing mortality rate. While previous consultations and/or antibiotics

before admission, were significantly associated with decreased odds of dying [9].
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Socioeconomic risks factors
Maternal education: The degree of maternal education has been associated to severity of ARI
in developing countries 1.6; (95% Cl 1.0 to 2.6), while this association was not found in

developed countries [9].

Physical environment

Crowding doubles the risk of severity of ARI in developing countries [44].

Environmental risks factors
Indoor air pollution: Exposure to solid and biomass fuel is associated to death. The overall

meta odds ratio estimate of 1.6 ;(95% Cl 1.1 to 2.3) [10, 45-47].

Smoking: passive smoking was found in a meta analysis as an inconsistent risk factor of
severity of ARI. When the variable considered was the presence of smokers in the house, the
odds ratio found was 2.4 (95% Cl 1.0 to 5.8), while considering maternal smoking, the odds

ratio was about 2.7 (95% Cl 1.0 to 7.8) [10].
4.5 Aetiologies

Identifying the aetiologic agent(s) responsible for pneumonia remains a challenge particularly
in low or middle income settings. Primarily, because of difficulties in obtaining adequate
samples from children, but also on account of the challenges related to differentiating
infection from colonization and finally, because of lack of reliable diagnostic methods [7-8, 48-
49} in addition to the significant overlap of clinical symptomatology for the different
etiologies. Currently, there is no sensitive and specific gold standard for the diagnosis of
associated viral or bacterial infections in patient with pneumonia. The WHO, proposed the use
of radiographic endpoint of pneumonia (pleural effusion or lobar consolidated infiltrates) to
diagnose bacterial pneumonia in studies of the pneumococcal vaccine, despite the limited inter

and intra-rather reliability of chest X-rays [50-57].

Laboratory tests for viruses and bacteria have low sensitivity, or are not readily available.
Positive blood or pleural fluid cultures are highly specific to diagnose bacterial pneumonia but
have low sensitivity [58], and require specialized laboratory facilities. Additionally, blood
culture results only become available 24 hours or more after blood collection and are often
inconclusive due to the contamination [59-60]. Bacteria and virus polymerase chain reaction
(PCR) tests may have low sensitivity and/or specificity [61-63], and results are also delayed,
decreasing the utility of these tests for decisions regarding initiation of treatment. Sputum
samples are difficult to obtain from children. Antigen detection in the urine has limited utility in

children [64-65]. Other laboratory tests associated with the three pathogens including white
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blood cells (WBC) counts in bacterial and lymphocytes counts in viral infections can be used to
support medical decision but are inaccurate as clinical features. Blood inflammatory markers,
such as C reactive protein (CRP) and Pro-calcitonin also have limited accuracy, in spite being
commonly used in emergency departments of the developed world. Hence, the differential
diagnosis of respiratory distress is particularly challenging precisely in those low or middle
income countries that harbor most morbidity associated with lower respiratory tract
infections, where specialized microbiology laboratories and radiology facilities are least

available [22,25].

In addition to the limitation inherent to the available diagnostic methods, many children with
ARI are infected simultaneously with multiple pathogens, including combination of both
viruses and bacteria [1, 32-34]. Attributing the causality or the relative contribution of each

pathogen to the clinical syndrome is therefore complex [66,67].

Bacterial infection is believed to play a far greater role as a cause of pneumonia in children in
developing countries than it does in developed ones, but etiologic diagnosis is difficult to
determine and is shifting. Apart from measles, which is often complicated by viral pneumonia
or bacterial pneumonia, the main agents responsible for ARI in children include Streptococcus
pneumoniae, Haemophilus influenzae, and Respiratory syncytial virus (RSV). However, in areas
of high HIV prevalence this pattern is changing to include Pneumocystis jiroveci and a higher

proportion of gram-negative bacteria organisms [1].

Bacterial infections

Streptococcus pneumoniae

Streptococcus pneumoniae is the first agent causing bacterial pneumonia, meningitis and sepsis
in the world, leading to 826.000 annual deaths, or twhat is equivalent, an estimated 11% of all

global annual deaths, despite the availability of vaccines and antibiotics [13].

Pneumococci are spherical, Gram-positive bacteria, which have many virulence factors,
including capsular polysaccharides, pneumolysin, pneumococcal surface protein A (PspA),
pneumococcal surface protein C (PspC), and pneumococcal surface adhesin A (PsaA). Among
these, capsular polysaccharides are considered to be the most important virulence factor.
There are 94 distinct pneumococcal serotypes. Each serotype is distinguished by serological
response, the chemical structure of capsular polysaccharides, and other related genetic
mutations. Only a few serotypes produce the majority of pneumococcal infections. It was
reported that serotypes 1, 4, 5, 7F, 8, 12F, 14, 18C, and 19A are more likely to cause IPD [38-40].

These 10 most common serotypes are estimated to account for about 62% of invasive disease
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worldwide [38]. The ranking and serotype prevalence differ by patient age group and
geographic area [41], although common serotypes are consistently identified throughout the
world [68]. Vaccination against the S.pneumoniae is based on capsular polysaccharides. The
widespread use of immunization may potentially alter the serotype distribution -by either
serotype replacement or switching-, resulting of selective pressure on the pneumococcal

population [69].

Pneumococci are transmitted by direct contact with respiratory secretions from patients and
Jor healthy carriers. Nasopharyngeal colonization is essential for the propagation of
pneumococcal diseases. Disease is caused either by contiguous spread to the sinuses or the
middle ear, aspiration into the lower respiratory tract causing pneumonia or by invasion of the

bloodstream with or without seeding of secondary sites [68].

The clinical picture is generally homogenous, but may also depend on the specific serotype
involved. Globally, serotypes 1, 4, 5, 7F, 8, 12F, 14, 18C, and 19A are more likely to cause IPD,
while serotypes 3, 6A, 6B, 9V, 14, 19A, 19F, and 23F are reported to cause acute otitis media,
and serotypes 1 and 19A are shown to be responsible for invasive pneumococcal pneumonia. In
term of outcome, serotypes 3, 6A, 6B, 9N, and 19F are associated with an increased mortality

and.1, 7F, and 8 associated with lower mortality [38].

Resistant pneumococci have unfortunately spread globally. a worldwide distribution now,
reduced susceptibility to penicillin has been detected in S. pneumoniae in all WHO regions, and
its rate can even exceed 50% [70], accounting for 4% ($91 million) of direct medical costs and 5%
(233 million) of total costs including work and productivity loss[71]. Indeed, the prevalence of
strains resistant to penicillin-related compounds and to co-trimoxazole is increasing, posing a
threat to the effective treatment of pneumococcal disease. The two primary genetic
mechanisms which confer pneumococcal resistance are the transformation (the uptake of free
DNA from the environment) and conjugative transposons (the transfer of segments of
genomic DNA during bacterial fusion). A key factor influencing the emergence and spread of

its resistant is the unnecessary antibiotic use for viral respiratory illnesses in humans [72, 73].

Surveillance systems for tracking the prevalence of S. pneumonia resistance includes the use of
culture data from clinical isolates causing invasive disease, which give an indication of the
resistance patterns of strains causing clinical infection, and tests of nasopharyngeal swabs
from individuals without clinical illness to determine the community S. pneumoniae carriage

resistance rate [74].
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Haemophilus influenzae

Haemophilus influenza type b has traditionally been considered the second major cause of
pneumonia and meningitis, globally, being responsible for 371.000 annual deaths, which

correspond to around 5% of all global annual deaths among children under five years of age
[13]-

This aerobic gram negative bacteria is known to possess six different serotypes (a-f) of
polysaccharide capsule [75]; almost all are preventable with current vaccine. 95% of invasive
diseases are caused by serotype type b. The organism enters the body through the
nasopharynx.and colonize it, and may remain only transiently or for several months, or can
penetrate the epithelium of the nasopharynx and invade the blood capillaries directly. Their
capsule allows them to resist phagocytosis and complement-mediated lysis in the nonimmune
host. Nontypable (non encapsulated) strains are less invasive, but they are apparently able to

induce an inflammatory response that causes disease.

Infection with Haemophilus influenzae type b (Hib) can result in meningitis and other severe
infections such as pneumonia, bacteremia, cellulitis, septic arthritis, and epiglotitis, primarily
among infants and children <5 years of age [76]. Most of Hib meningitis survivors can suffer of

permanent disabilities such as mental retardation or deafness.

The contagious potential of invasive Hib disease is considered to be limited. However, certain

circumstances, particularly close contact with a case-patient can lead to outbreaks.

Hib conjugate vaccines are highly immunogenic, safe and effective [75]. Hib conjugate vaccines
can prevent childhood meningitis mortality and reduces the risk of all forms of invasive Hib

disease [77-79].

Regarding Haemophilus influenza antibiotic susceptibility, B-Lactamase production is highly
prevalent worldwide and is associated with resistance to ampicillin and amoxicillin. Effective
antimicrobial therapy consists in third-generation cephalosporin (cefotaxime or ceftriaxone),

or chloramphenicol in combination with ampicillin [76].
Mycoplasma pneumoniae

Mycoplasma pneumoniae is a very small bacteriumin the class Mollicutes. It is a primarily
mucosal pathogen, living a parasitic existence in close association with epithelial cells of its
host, usually in the respiratory tract. Persons with active mycoplasmal infection will carry the
organisms in the nose, throat, trachea, and sputum, it can be transmitted through aerosols

from person to person. [80].
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M. pneumoniae infection can involve both the upper and the lower respiratory tracts and occur
both endemically and epidemically worldwide in children. M. pneumoniae causes up to 40% or
more of cases of community-acquired pneumonias, as many as 18% of cases requiring
hospitalization in children [81]. Recent studies showed it can occur also from the age of 2 years
and, exceptionally before the age of one year. The frequency of this infection depends on the
diagnosis technique used- serology or molecular methods-, and the occurrence of outbreaks

[80-82].

The clinical presentation of M. pneumoniae respiratory disease is often similar to what is also
seen with other atypical pathogens, particularly Chlamydia. pneumoniae, various respiratory
viruses, and bacteria such as S. pneumonia. While the disease can persist for weeks or months,
it is frequently mild and self-resolving. The organism may persist for several weeks in the
oropharynx despite completion of recommended antimicrobial therapy and resolution of

clinical symptoms [81, 82].

The disease is treated with macrolide, tetracycline, or fluoroquinolone antibiotics. Because its
structure is lacking a cell wall it is inherently resistant to beta-lactam antibiotics. There is no

vaccine to prevent M. pneumoniae infection. [81].
Staphylococcus aureus

Staphylococcus aureus is a very virulent gram-positive bacterium that can be carried
asymptomatically in the anterior of the nares. Colonization precedes the infection that can

spread locally or gain access to the blood [83].

S. aureus accounts for 3-5 % of CAP infections and is a complication of seasonal and pandemic
influenza in children and young adults. Reports of S. aureus infection associated with influenza-
related deaths in children have raised concerns that this syndrome is increasing in frequency,
indeed the epidemiology of S. aureus infections has changed dramatically, predominantly
because of the epidemic spread of a strain of community associated methicillin-resistant

S.aureus [84].

The diagnosis of staphylococcal pneumonia is challenging. No specific symptoms, clinical signs,
or imaging or laboratory findings have been identified as having high specificity for
staphylococcal pneumonia. However, the suspicion for S. aureus should be required in children
with CAP, especially those who are severely ill, has current or recent influenza, or whose
symptoms do not improve with beta-lactam or macrolide antibiotic therapy [85]. vancomycin

is used for its treatment.
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Other bacterial agents

Other organisms, such as Chlamydia spp, Pseudomonas spp, Pneumocystis jirovecii and M.
tuberculosis can cause pneumonia in children. Indeed the HIV epidemic has also contributed
substantially to increases the vulnerability of children to these microbial agents, often leading
to substential mortality from childhood pneumonia. The incidence and severity of HIV-
associated pneumonia can be reduced in through the prevention of HIV infection, and the use

of co-trimoxazole prophylaxis and with antiretrovirals treatment. [86].

Viral infections

Paramyxoviridae

Respiratory syncytial virus: Respiratory syncytial virus (RSV) is the most common cause of
lower respiratory tract infections (LRTI) in children worldwide. In 2005, Its global burden was
estimated at 33-8 (95% Cl 19:3-46-2) million new episodes in children younger than 5 years (22%
of ALRI episodes), with at least 3-4 (2:8-4-3) million with severe cases necessitating hospital
admission. In term of mortality, almost 662 0061992 000 children younger thars years died

from RSV-associated ALRI. 96 % of these deaths occurred in developing countries [18,87].

The RSV virus is a member of the family Paramyxoviridae and the subfamily Pneumovirinae. It is

an enveloped RNA virus and two strains are recognized (subgroups A and B) [88].

The usual mechanism of RSV transmission is direct or close contact with contaminated
secretions. A latent period of 4-6 days precedes the clinical infection. The first signs of RSV
infection in infants are those of a common upper respiratory tract infection, such as nasal
discharge and congestion, cough, fever and decreased appetite, but in up to 30% of infected
children aged < 2 years the infection spreads over the lower airways leading to a LRTI with
varying degrees of severity, ranging from mild to life threatening respiratory failure. Numerous

studies have reported increased wheezing following Bronchiolitis [88].

Several different types of laboratory tests are available for diagnosis of RSV infection, Rapid
diagnostic assays performed on respiratory specimens, Antigen detection tests and culture

and RT-PCR assays.

No infant vaccine candidates are near commercialization. Two passive immunization agents
have been developed: RSVintravenous immune globulin (1VIG) and palivizumab. In the last few
years, the commercialization of an intramuscular humanized monoclonal antibody,

palivizumab, has added a new important tool to the therapeutic options available for RSV
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prophylaxis. Passive immunization with palivizumab has proven to be safe and effective for

preventing RSV hospitalization in infants at higher risk of acquiring severe RSV infection [89].

Parainfluenza virus: Human parainfluenza viruses (HPIV) are common community-acquired

respiratory pathogens without ethnic, socioeconomic, gender, age, or geographic boundaries.

Human parainfluenza viruses are negative-sense, single-stranded, enveloped RNA viruses. They
comprise five members; HPIV1, HPIV2, HPIV3, HPIV4A and HPIV4B. Of the human pathogens,
HPIV1 and HPIV2 are generally more associated with croup, upper RTl and pharyngitis, whereas
young infants (younger than 6 months) are particularly vulnerable to infection with HPIV-3.
Unlike the other HPIV, 40% of HPIV-3 infections are in the first year of life. Brochiolitis and

pneumonia are the most common clinical presentations [90].

Parainfluenza viruses are transmitted by inhalation of virus-laden droplets expelled into the air
from lower respiratory or nasal secretions of infected individuals. After an incubation period of
2-8 days, viral replication occurs in the nasopharyngeal epithelium and 1-3 days later it is

spread throughout the tracheobronchial tree. Recurrent infection is a common event.

Identification of parainfluenza viruses in clinical specimens can be achieved by detecting whole

virus, viral proteins and viral RNA in clinical samples, as well as

by investigating host antibody responses. Nasopharyngeal secretions or throat swabs

constitute the preferred specimens for all PIV detection methods.

Current therapy includes supportive care; children are usually placed in plastic tents supplied
with cool, moist oxygen (croupette), and recovery usually occurs after 1-2 days. Vaccination
against these important respiratory pathogens is not, as yet, available for clinical use. Also,

there is no specific antiviral treatment for HPIV illness [91].

Human metapneumovirus: The hMPV was discovered in 2001and it is a virus associated with

acute respiratory illness among infants and children worldwide [92].

hMPV is a member of the Metapneumovirus genus of the Paramyxoviridae family, a group of
negative-stranded RNA viruses. Genetic studies on hMPV have demonstrated the presence of

two distinct hMPV serotypes each divided in two subgroups.

Initially, human metapneumovirus (hMPV) was isolated from children with clinical symptoms
of respiratory syncytial virus (RSV) infection in whom RSV could not be detected. Since then,
numerous reports have described the detection of hMPV in clinical specimens from children,
(both immunocompetent and immunocompromised patients), diagnosed with an acute

respiratory illness all over the world.
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Diagnosis is made by RT-PCR assays on respiratory secretions. Rapid antigen detection tests

are not yet available and its growth in cell cultures is fastidious.

No vaccines, antibodies (monoclonal or polyclonal), or chemotherapeutic agents are currently
licensed for use to prevent or treat hMPV infections. The contribution of hMPV to pediatric
respiratory tract morbidity and mortality supports the development of a vaccine against this

virus in combination with those being developed for RSV and parainfluenza viruses [93-95].
Orthomyxoviridae

Virus influenzae: Influenza is one of the most significant causes of acute upper respiratory
tract infections worldwide. It has been reported that in 2008, there were almost 9o million
(95% Cl 49-162 million) of new cases of influenza, 20 million (13-32 million) cases of influenza-
associated ALRI (13% of all cases of paediatric ALRI), and 1 million (1-2 million) cases
of influenza-associated severe ALRI (7% of cases of all severe paediatric ALRI) occurring
worldwide in children younger than 5 years. Deaths in children younger than 5 years
attributable to influenza-associated ALRI were estimated between 28,000-111,500, with 99% of

deaths occurring in developing countries [95].

There are three types of influenza virus a, b and c. the surface of the virus is coated with
haemagglutinin and an enzyme neuraminidase. Influenza a is the least stable, b is more stable
and c has low pathogenicity. Antigenic drift in both A and B is responsible for frequent

outbreaks that occur at regular intervals.

The clinical feature of influenza is fever, malaise, upper respiratory symptoms with dry cough
and muscles aches. Influenza viruses are highly contagious and can cause seasonal epidemics,
manifesting as an acute febrile illness with variable degrees of severity, ranging from mild
fatigue to respiratory failure and death. Severe influenza complications are most common in
children younger than 2 years of age. Children with chronic health problems like asthma,
diabetes and disorders of the central nervous system are at especially high risk of developing

serious flu complications.
Direct immunofluorescence, ELISA or RNA amplification can be used to make the diagnosis.

The seasonal flu vaccine protects against the influenza viruses. A standard dose quadrivalent
nasal spray is recommended for children from 2 to 8 years old. The trivalent flu vaccine is

recommended for children from 6 months. [96]
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Picornaviridae

Adenovirus: Adenoviruses are one of the causative agents of acute respiratory tract infections
at all age groups worldwide. It has been reported that between 1995 and 2011 the proportion
of adenovirus infection in all hospitalized children under age of five years with acute lower

respiratory infections reached-5.9% [87].

Adenoviruses are non-enveloped double-stranded DNA viruses that can infect a variety of
human tissues. Serotypes HAdV type 14 and subgroups B and C are more common to the

respiratory tract.

Adenoviruses can cause an array of clinical diseases, including conjunctivitis, gastroenteritis,
hepatitis, myocarditis, and pneumonia Most of these occur in children under 5 years of age and
are generally self-limiting illnesses. Seasonal patterns of infection have been demonstrated in

the general paediatric population.

Antibodies to adenovirus (mainly secretory IgA) are present in the upper respiratory tract
within 3 days of infection. Approximately 7 days post-infection, antibodies can be detected in
serum, and nasal secretions. The aetiology can be confirmed by different diagnostic

approaches, such as cell culture, antigen detection, and PCR.
Of today, there is yet no efficient antiviral drug against HAdV [97-98].

Rhinovirus: Human rhinovirus (hRV) is often the most commonly isolated virus in children with

respiratory symptomatology and is also the major cause of the common cold [99].

There are 99 recognized types of human rhinoviruses that differ according to their surface
proteins. Advances in molecular diagnosis techniques led to the identification of a third
(besides RV-A and RV-B) previously unidentified species RV-C, in 2006 [100-101] subsequently,
there have been several investigations on RV-C but these studies have largely been limited to
developed countries. The majority of studies investigating RV species in children hospitalized
with ALRI found that RV-C is the most prevalent RV species and is often associated with more

severe illness. [100,102-108]

The role of hRV in acute exacerbations of asthma and other airway disease has been
demonstrated. Rhinovirus infections occur year round with seasonal peaks of incidence
occurring in different moments according to the continent. There are two modes of
transmission: via aerosols of respiratory droplets and from contaminated surfaces, including
direct person-to-person contact. Children may have six to twelve colds a year. Rhinoviruses are

implicated in acute and chronic bronchitis, bronchiolitis and pneumonia. Symptoms appear
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after a 24—48 h incubation period, reach their peak 2-3 days later and last for 5-7 days in total,
persisting occasionally for as long as 2—-4 weeks. Symptom severity is highly variable, and may
depend on infecting species. The presence of Rhinovirus, either alone or in combination with

RSV, may be related to a more severe clinical presentation of acute bronchiolitis in infants.

The diagnosis is made by PCR. Interferon-alpha used intra nasally was shown to be effective

against Human rhinovirus infections, but important side effects were noticed.
There are no vaccines against Rhinovirus available currently [109].
4.6 Diagnosis

Blood culture
Detection of pathogenic bacteria in the blood or pleural effusion of a child with pneumonia is
considered, in the absence of a true gold standard diagnostic method, the best possible
diagnostic approximation to the underlying etiology of the pneumonia. However, sensitivity of
these methods is low. It has been accepted (based on antibacterial pneumonia clinical efficacy
vaccines trials), that only one of five radiological pneumonia cases will have a confirmatory
blood isolation [110]. in spite of this low sensitivity, blood cultures should be routinely
performed as the only possible way for establishing an etiological surveillance of potential
underlying mechanisms. However, uptake of such recommendation is low and challenging in
settings where routine microbiology facilities are lacking. Blood cultures should precede the

initiation of treatment and not to delay it [110].

Sputum culture
The cyto-bacteriological examination of sputum is difficult to implement in children and has

little interest. Its reflects mostly the oropharyngeal and nasopharyngeal flora [48].

Serology
Serological methods are useful for the identification of certain pathogens (for instance
Mycoplasma pneumoniae) when IgM are high. However, the delay in obtaining results is long
(> 10 days) in the vast majority of cases. They do not therefore contribute to an initial
therapeutic decision or early treatment change, which will depend on clinical and radiological
features. In the presence of positive results, clinicians can modify the initial treatment and its

duration. Moreover, these methods can however have epidemiological research interest [80].

Chest radiography
Posteroanterior and lateral chest radiography are commonly indicated in patients with

suspected or documented hypoxemia or significant respiratory distress and in those with
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failed initial antibiotic therapy. The x ray will document the presence, the size and the
character of parenchymal infiltrates and identify complications of pneumonia, including
pneumothorax, parapneumonic effusions and necrotizing pneumonia. The repeated chest
radiography is only obtained in children who failed to demonstrate clinical improvement and in
those who have progressive symptoms or clinical deterioration within 48-72 hours after

initiation of antibiotic therapy [50].

Chest radiography is often used as the gold standard for diagnosis of pneumonia, even though
it is neither sensitive nor specific, is difficult to interpret and shows a high inter-observer
variability. Moreover, is not able to precisely differentiate between viral and bacterial
etiologies, because viral and bacteria or mixed viral and bacterial infections may cause similar
radiological findings. As a screening tool, however, it can often help determining the need (or

not) for empiric antibiotic treatment [49].

Recent meta analysis showed that lung ultrasounds has a good performance for the diagnosis
of childhood pneumonia and can be useful in setting where x ray is not available. It requires

however, good previous expertise in its interpretation [111].

Testing for viral pathogens
These tests are based on the detection and recognition of viral nucleic acids. They provide
results within a clinically relevant time frame, are not affected by prior antibiotic

administration.

Multiplex nucleic acid amplification tests (NAATS) are promising tools to detect non cultivable
pathogens as human metapneumovirus (hMPV) or low quantity of pathogens. However, their
cost and technical support make them difficult to implement in resource -limited setting [67,

112-114].and their use in is normally restricted to research efforts.

Pulse oxymetry
Pulse oximetry should be performed in all children with diagnosis of pneumonia and those
with suspected hypoxemia. While it seldom informs on the underlying etiology, it does have a

value in terms of helping clinicians decide the need for admission and /or supplemental oxygen
[31]

Biomarkers
In clinical practice of developed countries increased levels of C-reactive protein (CRP) and
procalcitonin (PCT) are routinely used as indicators of bacterial infections [115-116]. regarding
pneumonia, it has also been suggested that these biomarkers could help in their diagnosis.

Authors from South Africa, showed an improvement of the specificity of this definition of
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pneumonia, when using CRP and PCT in the efficacy evaluation of pneumococcal conjugate
vaccine [117]. In a similar study conducted in Gambia, improvement of specificity was less
marked, the presence of malaria in this country possibly affecting the specificity of pneumonia
definition [118]. Besides CRP and PCT, other cytokines and proteins have been assessed for the
diagnosis of severe bacterial infections in clinical management [119]. Even though the use of
such biomarkers may be routine use for screening purposes, it remains to be demonstrated
that they can accurately differentiate between bacterial and viral aetiology of pneumonia in
children. However, recent meta-analyses have suggested that despite its low sensitivity, CRP
could be useful for the diagnostic of serious bacterial infections, including pneumonia, in
children presenting with fever [120,121]. Nevertheless, further work is needed before
recommending the use of biomarkers as a diagnostic tool to identify the precise etiology of

children with pneumonia.

4.7 Clinical management

The WHO and the UNICEF now recommend that the management of pneumonia should start
at the community and health facility levels. These general recommendations include the
implementation of case management at all levels, vaccination, prevention and management of
HIV infection, improvement of nutrition and reduction of low birth weight and control of
indoor air pollution [11]. These strategies include activities for treating, preventing and
protecting from pneumonia. It has been estimated that, if correctly implemented, these

measures could potentially reduce pneumonia mortality and morbidity by more than half.
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Figure 3: Framework of pneumonia control (Figure published in Global action Plan for Prevention and control of
Pneumonia (GAPP). World Health Organization/The United Nations Children’s Fund (UNICEF); Geneva 2009 [11].
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However hospitalization may be required under the following situations [31,123]:

Infants and children with respiratory distress or hypoxemia (oxygen saturation <9o%);
Suspicion of infection caused by community-acquired methicillin-resistant Staphylococcus
aureus or any pathogen with high virulence;

Infants aged under the age of six months;

Or for families unable to provide appropriate care.

Regarding antibiotic prescription, the choice of antibiotics is influenced by the epidemiology of
the infecting organisms in the area, the prevalence of drug resistance, underlying HIV

prevalence in the area and available resources.

Worldwide, amoxicillin remains the antibiotic used as first-line therapy for previously healthy,
appropriately immunized infants and preschool children with mild to moderate CAP suspected
to be of bacterial origin [31,122,123]. Indeed, most bacterial pneumonia is responsive to
amoxicillin, making it the antibiotic of choice. It provides appropriate coverage for
Streptococcus pneumoniae, it is well tolerated and cheap [122,123]. When atypical pathogens
are suspected, then macrolide antibiotics are the antibiotic drug class of choice, with

azithromycin begin the preferred first-line agent [122,123].

In low resources settings, WHO recommend the use of Amoxicillin as the first line antibiotic in
appropriately immunized and previously healthy children with mild to moderate pneumonia
suspected to be of bacterial origin. Macrolides are prescribed when atypical pathogens such as

Mycoplasma, Bordetella or Legionella are suspected [31].

Antibiotics can be administered orally for children presenting uncomplicated or even severe
CAP. It has been demonstrated that they are safe and effective. When the patient is unable to
tolerate oral fluids or to absorb oral antibiotics - because of vomiting or in the presence of
signs of septicaemia or complicated pneumonia, the Intravenous administration of antibiotics
is indicated [123]. Ampicillin or penicillin G will be then used for children fully immunized. But,
in areas with high rate of penicillin resistance, the third-generation parenteral cephalosporin
such as ceftriaxone or cefotaxime will be administred. If S. aureus is the suspected

microorganism vancomycin or clindamycin should be associated with a beta-lactam agent
[123].

It has been demonstrated through a clinical trial that Oral amoxicillin (50 mg/kg/day) given
twice daily is as efficacious as thrice dailyin children under five years of age with non severe
pneumonia [124], the current recommendation as given by WHO in the guideline for

management of CAP [31]. Regarding the length of the antibiotic therapy there is no strong
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evidence yet to support that the short course (three days) of antibiotic therapy is as effective
as a longer treatment courses(five or seven days) for non-severe pneumonia in children under

five years of age [125].

In addition to antibiotics, careful supportive management is required for children with CAP.
Oxygen therapy is used when there is: cyanosis; lower chest in drawing; inability to drink or
feed; and respiratory rate > 70 breaths per minute [126]. In children who are dehydrated,

appropriate rehydration is required [122].
4.8 Antimicrobial susceptibility patterns

Worldwide there is a serious concern about the increasing emergence of antibiotic resistance
among pneumococci, primarily against beta-lactams and macrolides, and thus, its potential
impact on the treatment of pneumonia and invasive pneumococcal disease [127]. The
antimicrobial resistance of s. pneumoniae is due inter alia to the selection pressure resulting
from the misuse of antibiotics, the poor-quality of medicines marketed in some countries, and
the insufficient regulation of the use of antimicrobial medicines [70]. Geographical variation of
Pneumococcal penicillin non-susceptibility rate, range from 4 % in UK, to 25% in France and 50%

in Spain [123] and 30% in North African countries [128].

The use of pneumococcal conjugate vaccines (PCV) leads to the reduction in antibiotic use, as
the rate of invasive pneumococcal disease due to PCV concerned serotypes decline

significantly. But, the serotypes not covered by the current PCV may also tend to increase
[129].

However, Despite the increasingly wide literature on antibiotic resistance, there is less
evidence of the impact of this on clinical outcomes for children who suffer from penicillin-
resistant compared to those who had sensitive pneumococal pneumonias in term of duration

of fever or tachypnoea, bacteraemia incidence, mean duration of therapy or length of hospital

stay [123, 130, 131].
4.9 Preventives strategies

Vaccines
Vaccination has made a real impact on pneumonia and child survival worldwide. The WHO
estimates that, in 2003, more than 2 million deaths were averted by immunisation [132].
Vaccination is a safe, effective, and cost-effective tool for preventing pneumonia. Currently,
several vaccines are available and recommended for universal adoption; these include

pertussis, measles, Flu, Hib, and pneumococcal vaccines, that the WHO recommends to be
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include in all routine childhood immunization programs [133]. Indeed, in the last 10 years, great
advances have been made in developing and introducing new vaccines and expanding the
reach of immunization programmes. Many low-income countries have already introduced the
Hib vaccine, and pneumococcal conjugate vaccines (PCVs) are increasingly becoming available
in developing countries. However despites this progress in the availability on these vaccines,
there is still a concern regarding the vaccine coverage rate between countries and within some

region in the countries [134].
Hib Vaccine

Most low and middle-income countries have now introduced the Hib vaccine as a part of their
routine EPI schemes, mostly as a result of the support provided by the GAVI alliance [134]. In

Morocco, Hib vaccine was introduced in 2006.

The Hib vaccine has been shown to have protective efficacy greater than 90% against both
laboratory-confirmed invasive meningitis and bactaeremic and non-invasive pneumonia [79,
135-136].It has been well documented in several studies in industrialized and developing
countries [135,136]. Resulting in their capacity to reduce the carrier state in vaccinated children
and to reduce the pool of Hib infected children in the community. Additionally, the hib

conjugate vaccine can also provide herd immunity for unvaccinated children [137].

WHO recommends 3 doses of Hib vaccines associated to DTP or 2 or 3 doses with booster at
least 6 months after last dose in children, aged > 6 weeks and < 59 months. In a recent WHO
publication, the Global coverage with 3 doses of Hib vaccine has been estimated at 52%. There
is great variation between regions. In the Americas, coverage is estimated at 90%, while it is
only 18% and 27% in the Western Pacific and South-East Asia Regions respectively [138].In view
of this, to improve the adhesion of parents to vaccination schedule and to reduce the
workload of health professionals in developing countries, a Hib vaccines in 2 doses regime
could be adopted, knowing that a recent analysis showed that the Hib conjugate vaccination

strategy including two dose is as good as the three dose regime [139].
Pneumococcal Vaccines

Pneumococcal Conjugate vaccines (PCV) are safe and effective in preventing IPD,X-ray
defined pneumonia, clinical pneumonia and deaths caused by Streptococcus pneumoniae
among HIV-1 negative and HIV-1 positive children under two years of age [140]. The vaccine
elicits a T cell-dependent response and produces an anamnestic reaction that makes the

vaccine more effective in infants and children younger than two years of age.
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PCV was first licensed in 2000 as a formulation that provided protection against seven of the

most common pneumococcal serotypes. Currently there are three PCVs available globally:
e PCV7 (the 7-valent CRM197 conjugated vaccine)

e PCV10 (has the same serotypes as PCV7 plus serotypes 1, 5, and 7F, but different carrier

proteins: protein D, diphtheria toxoid and tetanus toxoid)

e PCV13 (has the same serotypes as PCV7 plus serotypes 1, 3, 5, 6A, 7F, and 19A each
conjugated to CRM197). The PCV 13 offers better coverage for serotypes commonly causing

disease in low- and middle-income countries [13].

Recommendations for PCV use from the World Health Organization (WHO) and funding from
the GAVI Alliance have resulted in an increase in PCV uptake into national immunization
programs, especially in lower-income countries. As of December 2012, a total of 86 (44%) WHO
member states have added PCV to the routine infant immunization schedule of their national
immunization programs; among those, 23 have introduced PCV with GAVI Alliance support.
The proportion of the world's birth cohort living in countries with PCV in national
immunization programs increased from 1% in 2000 to 31% in 2012 [141]. In Morocco,

pneumococcal conjugate (13-valent) vaccine was introduced in November 2010.

It has been documented worldwide, that after the introduction of the PCV, the incidence of
vaccine-type (VT) invasive pneumococcal disease (IPD) and the asymptomatic carriage caused
by vaccine serotypes, decrease in all age groups and in parallel there is a slight increase in the
non-vaccine (NVT) serotype IPD incidence (serotype replacement) [142-144]. This phenomenon
has been suggested to be a result of vaccine selective pressure offering a relative advantage to

non-vaccine types [142].

This suggests the importance of the continuous monitoring of IPD and nasopharyngeal S.
pneumoniae carriage, so the adaptations of vaccine constitution recommendations can be

promptly issued [145].

Nutritional interventions
Most of likely preventable deaths caused by infectious diseases and specially pneumonia occur
in low-resource settings and are strongly linked to poverty, inadequate access to health care
and undernutrition. Indeed, inadequate nutrition and acute lower respiratory infection (ALRI)

are overlapping and interrelated health problems affecting children in developing countries

[146].
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Breastfeeding

Studies suggest that optimal breastfeeding practices, including exclusive breastfeeding during
the first six months of life and continued breastfeeding until 24 months of age, are critical for
reducing the burden of pneumonia among infants and young children. The protective effect of
human milk against respiratory infection is attributed to its numerous immunobiological
components [147]. Based on that, the WHO actively promotes exclusive breastfeeding for at

least the first 6 months of life.
Vitamin A

It has been shown that vitamin A has a preventive effect on all-cause and disease specific
mortality in children under five [148].I1t plays an important role for the integrity and the
regeneration of respiratory epithelia, and it is involved in the production, growth and

differentiation of red cells, lymph cells and antibodies .

Several observational studies indicated that a high dose vitamin A supplement was associated
to a reduction of the morbidity and the mortality in children with acute respiratory infection.
However, clinical trials have failed to find out that benefit. Current recommendations are
issued by WHO in relation to vitamin A supplementation are provided mostly in the context of

the treatment of measles and malnutrition
Vitamin D

Vitamin D has an important immunomodulatory role, which may contribute to reduce the
incidence and risk of respiratory infection in children. Used in prophylaxis, as vitamin
supplementation in association with Streptococcus pneumoniae vaccines it would strength the
immune system [149]. However, studies did not show any evidence to support this potential

preventive effect [150].
Zinc supplementation

Evidence suggests that preventive zinc supplementation may reduce child mortality and
morbidity from infectious diseases, particularly pneumonia by correcting any deficiency
leading to immunodeficiency [148]. However, results of systematic reviews recently conducted
are insufficient to recommend the use of zinc as an adjunct to standard antibiotic therapy for

pneumonia in children aged 2 to 35 months [151].

Environmental interventions
WHO declared in a recent report that each year, at least 3 million children under the age of five

die due to environment-related diseases. As much as 60 percent of acute respiratory infections
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in children worldwide are related to environmental conditions [152]. Indeed, many studies have
assessed the strong role of the indoor and outdoor air pollution and smoking exposure with
death or with an increasing risk of severe pneumonia [10, 45-47, 153]. While other studies have
demonstrated that rates of bronchitis declined in areas where air pollution concentrations

particles have fallen [154].

Regarding the interventions for creating a smoke free home environment, there is a need for
developing a range of interventions to support the families and more research is needed to
identify successful elements of interventions and the contexts in which they are most effective
[155], beside the implementation of the regulations that protect children from smoking

exposure in public areas

4.10. Public health implications

ARI contributed 67 million disability adjusted life years (DALYs) in 2000, more than any other
disease entity including diarrhea (45 M) or malaria (32 M). In addition to the high mortality and
suffering, it consumes significant health sector resources and the largely empiric treatment of

ARI contributes to the worldwide pressure of emerging antimicrobial resistance [1,2].

In the last decade, pneumonia mortality in children under 5 years of age has fallen from 1.7
million cases globally in 2000 to approximately 1.3 million cases in 2011, with most deaths
occurring in low- income countries. As a results of the widespread implementation of protein-
polysaccharide conjugate vaccines against Haemophilus influenzae type B and Streptococcus
pneumoniae and the implementation of case-management algorithms, additionally to the
public health interventions targeting the Improvement of the access to health care and the
living conditions, the reduction of the exposure to indoor pollutants and cigarette smoke and

the promotion of the breast feeding [1,2,8].

The decline of pneumococcus and Hib associated disease in developing countries will raise two
therapeutic problems. With their improved vaccine uptake, the importance of these two
pathogens is anticipated to diminish by 50%, while it is expected that a greater proportion of
cases may occur due to Staphylococcus aureus, Klebsiella pneumoniae and Mycobacterium
tuberculosis in tuberculosis (TB) endemic areas. This switch may in practice imply the need to
use a third-generation cephalosporin,a macrolide, or a quinolone to treat efficiently CAP in the
future. However, these drug classes are substantially more expensive than the present first
line treatment in developing countries which includes benzylpenicillin, amoxicillin,
gentamicin,and/ or chloramphenicol. Furthermore, the potentially massive scale of their use in

childhood pneumonia may lead to widespread antibiotic resistance, compromising the
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treatment of other important endemic infectious diseases such as typhoid, and tuberculosis
[156,157].

Regarding the clinical management of ARI, the use of highly sensitive multiplex molecular
diagnostics tools for screening purposes may lead to an active detection of multiple etiological
agents in each individual. In practice, this means that the majority of the identified agents in
these patients can be truly present but not necessarily involved critically in the development of
disease. This will pose a considerable challenge to the clinicians in charge of determining the
therapeutic management, while trying to determine the relative contribution of each

pathogen in the development of the current ARI episode [156,157].

While these significant progresses have been made, considerable research is still required to
maximize the implementation of known preventive interventions, and also to establish more
supportive evidence and novel tools and approaches for the prevention, diagnosis and

treatment of childhood ARI [8].

4.11 Acute respiratory infections in Morocco

By subscribing to the Millennium Development Goals, Morocco has pledged to reduce, by 2015,
two-thirds the mortality of children under 5 years in relation to 1990 figures. Thanks to
programs for the prevention and control of diseases, infant and child mortality, which
accounted for 138 per thousand live births in 1980, has been reduced to 30.5 per thousand live
births in 2011. This decline in mortality is usually attributed to increasing income, improvements
in living standards and nutrition, progress in preventive and curative medicine and to national
health programs [158,159]. In 1978, Following the Alma Ata declaration, the Moroccan MOH,
adopted the ‘community approach’ and the ‘primary health care strategies. They aimed at
reducing all-causes mortality through cause specific actions. The main actions promoted
included among others, the implementation of universal vaccination to prevent some leading
causes of death, such as measles, whooping cough, tetanus, diphtheria, poliomyelitis, and
tuberculosis. The National Program on Immunization started in 1981 (PEV) and was reinforced

in 1987 (PNI). Vaccination is provided, free of charge, to the entire population [159].

The nutrition program has been running for many years and includes the promotion of
exclusive breastfeeding, child growth monitoring, prevention of vitamin D, vitamin A and iron
deficiencies, and also aims to improve the detection and treatment of severe malnutrition.

Since 1998, vitamin A is distributed at the time of routine EPI vaccination.

Since 1996, Morocco adopted in some pilot sites within rural areas the Integrated

Management of Childhood lIlinesses’ (IMCI) strategy. For communicable diseases, the main
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focus was on the diagnosis and treatment of acute lower respiratory infections (ALRIs). The
ALRI program was set up only in 1997. The Moroccan Ministry of Health (MoH) promoted the
training of its health professionals in the adequate management of pneumonia cases and
provided sufficient antibiotics’. Additionally the MoH introduced in 2007 and in 2011 the hib and
the pneumococcal (13-valent) vaccines, respectively. Since that time, an important decrease of
the death rate and the severity of pneumonia cases were detected by the national health
statistics [159]. In parallel to that, the access to antibiotics’ and the general vaccine coverage

were improved.

Distribution of causes of deaths
in children under-5, 2013

Prematurity I 3
Other causes [ 15
Congenital anomalies NG 14
Birth asphyxia NG 14
Acute respiratory infections [INIINEN 12
Neonatal sepsis I °
Injuries I 7
Diarrhoea M 5

HIV/AIDS | <1

Malaria | 0

Measles | 0

0 10 20
Percentage of total

Figure 3: Causes of under-five deaths in Morocco. (Source: WHO-Country profile 2013),[160].

However and in spite these efforts, pneumonia in children under five years of age in Morocco
remains as of today a major public health challenge, causing 12% of deaths among children
under five and being the leading cause of death in this age category [160], (Figure 3). The main
etiological agents underlying these infections are the commonly described, but bacterial
pathogens, predominant in the past, have now slowly been replaced by viral pathogens [159].
However, scarcity of data has been the rule in Morocco, and thus, the etiology and

epidemiology of pneumonia remains very poorly characterized.

Also, physical and financial access to infant child care in suburban and rural areas, the
inadequate quality of pediatric health services and others related social determinants,
including environmental exposures (atmospheric pollution and indoor pollution, tobacco
smoking), remain clearly poorly explored through the operational research at national level in

Morocco [159].
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5. Specific introduction to this thesis

This thesis is based on work undertaken through a partnership between Barcelona’s centre for
International Health Research (CRESIB) and HER, Hoépital d’Enfants de Rabat (HER), in
Morocco. The partnership benefited from collaborations with the Moroccan Ministry of health.

The studies received support from the Spanish Agency for International Cooperation (AECI).

The first paper is a systematic review which describes data available on ARI in Morocco at the

moment of initiating the study and identifies the principal knowledge gaps.

The second, third, fourth and fifth papers presented here report data obtained among
admitted children with severe acute respiratory infections to a university hospital in Morocco.
These are four thorough analyses describing the epidemiology and aetiology of these
infections disease in the area, the importance of coexisting infections, the role of antibiotic

usage prior to the admission to hospital and factors involved with a poor prognosis.

The sixth and last paper is a brief report showing data on Streptococcus pneumoniae carriage
and its serotype distribution among healthy children from the community and sick ones with
clinical severe pneumonia in a period close to the implementation of the pneumococcal 13-

valent conjugate vaccine in Morocco.

Despite these data coming from a single hospital in Morocco, they may still be highly

informative and relevant for this country.
5.1 First paper
The first paper documents the knowledge gaps on pediatric respiratory infections in Morocco.

The motivation for this study was to first provide an overview of the known burden of ARI
among children in Morocco, to describe the data available in terms of the epidemiology of
ARls, including its incidence, its distribution, risk factors, trends and aetiology. And secondly,
to analyse whether the preventive and management strategies used are coherent with the

epidemiology of ARI.

This paper highlights the insufficiency and the dispersion of the information collected by the
physicians in their management of outpatients and inpatients admitted for acute respiratory
infections. Also, it pointed out the lack of the robustness of the national health statistics data,
which does not allow an accurate assessment of the preventives strategies and the clinical

management of ARIs.



5.2 Second paper

The second paper on this thesis describes features on admission to hospital of children under
five years old meeting the World Health Organization clinical criteria for severe pneumonia

over a period of 14 months.

The study shows that the most frequent clinical diagnoses included wheezing-related
conditions, while bacterial pneumonia was infrequent and the nasopharyngeal detection of
virus was highly frequent among cases. It also documents an inacceptable high in-hospital case

fatality rate.
5.3 Third paper

The third paper reports a robust analysis on the risk factors associated with a bad prognosis

among children admitted with clinically severe pneumonia.

These data provide invaluable guidance to help identify children who are at highest risk of

death for severe pneumonia, in term of improving the preventive and management strategies.
5.4 Fourth paper

The fourth article describes and compares RSV and hMPV-associated cases of WHO-defined
severe pneumonia in a paediatric population admitted to Morocco’s paediatric reference

Hospital

Previous reports had explored the similarity of both viruses in terms of clinical presentation.

But, this comparison had never been done among Moroccan children.

This paper highlights the severity of clinical presentation and poor outcome related to hMPV in

Moroccan children.
5.5 Fifth paper
The fifth paper reports data on antibiotic usage prior and during hospitalization for severe

pneumonia in children under five years of age.

Data collected showed an important frequency of prescription of antibiotics before admission.
The paper also describes antibiotic prescription trends during hospitalization, which was
consensual and based on medical reasoning. This high antibiotic usage can be contextualized
in terms of the prevailing antimicrobial resistance rates observed in pathogens detected as

part of the general study.
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5.6 Sixth paper

The sixth paper is a brief report that describes Streptococcus pneumoniae carriage rates and
serotype distribution among admitted children with severe clinical pneumonia and among
healthy children from the community. The goal of this paper was to provide baseline snapshot
from both populations coinciding with the time of pneumococcal vaccine introduction in this

country.

This baseline will allow future comparisons once implementation of the vaccine has been
generalized, to assess the impact of the vaccine and to determine whether serotype

replacement is (or not) occurring.

39






6. Hypotheses and objectives

6.1 Project hypotheses

1. A substantial amount of all paediatric admissions will be related to respiratory problems

2. Less than 50% of children with CSP will have X-ray changes compatible with radiologically-
confirmed pneumonia.

3. The main bacterial cause of CSP will be pneumococcus.

4. Since Haemophilus influenzae type b (Hib) vaccine is already being used in Morocco, we
expect to detect few cases of Hib pneumonia.

5. Evidence of viral infection will be found in more than 50% of CSP cases.

6. Clinical signs and symptoms will have limited utility in differentiating bacterial from viral
CSP.

7. Bacterial CSP will have higher levels of CRP and PCT than viral CSP

8. Mortality from CSP will be higher among younger children, among those with bacterial
isolates resistant to first line antibiotics, among those with more difficult access to hospital
care, and among those with lower socioeconomic and educational status.

9. CSP caused by viruses such as respiratory syncytial virus (RSV) and influenza virus will have
a strong seasonal pattern.

10. Prevalence of bacterial resistance to currently used first line antibiotics will be high.

1. Children with CSP will have a high prevalence of zinc deficiency.
6.2 General objectives

The overall objective of this hospital-based surveillance was to evaluate the epidemiology,
aetiology and clinical presentation of CSP, as defined by World Health Organization criteria,

among children under 5 of age admitted to the Hopital d"Enfants de Rabat.

6.3 Specific objectives

1. To determine the number of children < 5 years of age admitted to H6pital d’Enfants during a
period of at least 12 consecutive months with CSP and the proportion of those requiring

admission to the intensive care unit.
2. To determine the main infectious causes of CSP among children < 5 years of age.

3. To identify the microorganisms responsible for CSP-related admissions in the intensive care

unit.

4. To describe the case fatality ratios, seasonal patterns, age-specific incidence and variations

in clinical manifestations of CSP pneumonia.



5. To evaluate the diagnostic utility of C-reactive protein (CRP) and/or procalcitonin (PCT) in

differentiating bacterial and viral pneumonia.

6. To determine the impact of access to care (such as time from illness onset to admission and
distance from residence to hospital) as well as socioeconomic and educational status on

severe pneumonia mortality.

7. To estimate the prevalence of antimicrobial resistance as well as the patterns and
mechanisms of antimicrobial resistance among bacteria causing CSP among children in Rabat

in order to better guide antimicrobial therapy.

8. To determine the proportion of CSP cases caused by pneumococcus serotypes that could be
prevented by existing pneumococcal conjugate vaccines and to assess potential serotype

differences between normal healthy carriers, and CSP cases.

9. To determine the prevalence of zinc deficiency in children admitted with CSP.
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7. Materials and methods

7.1 Study site

The study was conducted at Children's Hospital of Rabat (HER). This hospital is located in the
Southwest of the city of Rabat. This is a public and academic healthcare facility and is one of
the 10 hospitals part of University Hospital Ibn Sina (CHIS). It represents 17% of the bed
capacity of the University Hospital CHIS, 80% of the regional bed capacity in pediatric surgery
and pediatrics (100 beds), and assumes 23% of the University Hospital admissions. HER's
catchment population matches the Rabat-Salé-Zemmour Zaers Regions, Gharb Chrarda Beni
Hssen and Tangier - Tetouan. At the regional level, the HER is the only hospital facility
dedicated to children, located in a university hospital environment. Its mission is to provide
medical care for children from o to 16 years, admitted for pediatric medical and surgical
management, to ensure the academic clinical teaching, postgraduate medical teaching and the
training of paramedical staff; and to develop medical research. It also contributes to achieving

the objectives set by the Ministry of Health for newborn and infant health.

7.2. Study population and procedures at recruitment

This prospective study was conducted from November 2010 to December 2011 at the Hopital
d’Enfants de Rabat (HER) in Morocco’s capital. Children aged 2-59 months admitted to HER
with respiratory symptomatology were identified and approached for recruitment if they
fulfilled the World Health Organization (WHO) definition of clinical severe pneumonia (CSP),
namely, history of cough or reported breathing difficulty and increased respiratory rate (RR)
according to age and chest indrawing. Provided parents had signed an informed consent form,
recruited children underwent standardized procedures upon admission, including an
anteroposterior chest X-ray, pulse oximetry (Bionics palm care), nasal and pharyngeal swabs
for diagnosis of bacterial infection/carriage and nasopharyngeal aspirates (NPAs) for diagnosis

of respiratory viruses.

A minimum of 2 ml of venous blood was also collected for haemoculture, full blood cell count
and biochemical determinations, including C-reactive protein (CRP), procalcitonine (PCT) and

plasmatic zinc.

7.3. Case definitions

* Admission and discharge diagnoses were coded using the International Classification of
Diseases, 10™ Revision.
* Hypoxemia implied an oxygen saturation of (Sa02) <90%.

* Fever was defined as an axillary temperature of 37.5°C.
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* Nutritional status was based on weight-for-age Z scores (WAZ), calculated using the least
mean square method and the 2000 Centers for Disease Control and Prevention Growth
Reference.

* Invasive bacterial disease. (IBD) implied the isolation of 1 non-contaminant bacteria in
blood or pleural fluid.

» (ase fatality rates (CFRs) were calculated as the number of patients who died with a
specific diagnosis divided by the total number of patients with known outcome admitted

with that diagnosis, and thus represent the in-hospital mortality.

7.4. Laboratory methods

HER research laboratory
Analyses of samples from the study were performed in the laboratory of medical research CHU
Ibn Sina CHIS, opened in 2010. The laboratory was created as part of a twinning agreement in
the fields of health assistance, education and research between the Hospital Ibn Sina (CHIS)
the Hospital Clinic of Barcelona (HCB) and the Fundacid Clinic for BioMedical Research (FCRB)
with the collaboration of the Spanish International Cooperation Agency for Development
(AECID). It is a laboratory fully dedicated to biomedical research in the area of maternal and
child health, which hosts joint research projects between the teams of the CHU and CRESIB,
the research branch of Hospital and Clinic in Barcelona-Spain. This research platform includes
molecular biology equipment and classical microbiology equipment and can therefore support
basic bacteriology, virology and parasitology surveillance. It has been designed according to
the international standards for biosafety, and is governed by the standards of quality and good

practices.

Laboratory techniques
Samples were analyzed in the medical research laboratory of HER.
PCT and CRP were determined using mini VIDAS (Biomerieux) and Microlab, respectively.
Plasmatic zinc was assessed in a subsample of patients at the Centre National de Recherche
Scientifique et Technique’s laboratory (Rabat, Morocco) using inductively coupled plasma

atomic emission spectroscopy.

Full blood counts were performed as part of routine clinical evaluations at HER centralized

laboratory.

Blood samples were cultured using an automated blood culture system (BD Bactec), and
bacterial isolates identified by BD Phoenix Automated Microbiology System (PHX system,

Becton Dickinson) or colony morphology and biochemical tests. In addition, a standard
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bacterial culture was also performed in NPAs. Samples were cultured on blood and chocolate
agar plates for 72 hours at 37°C in an atmosphere of 5% CO2. Bacterial isolates were identified

by biochemical conventional methods (Api 20E, Biomerieux laboratories).

To increase the detection yield of conventional microbiology, three sequential real-time
polymerase chain reactions (RT-PCR) based on the detection of the bexA gene of Hib (only for
a subsample of randomly selected patients), and the ply and wzg genes of S. pneumoniae were
performed in plasma samples. Molecular capsular typing of pneumococcal strains was
investigated using sequential multiplex RT-PCR targeting 24 common serotypes (1, 3, 4, 5, 6A,
6B, 7F/A, 8, 9V/AIN/L, 14, 15B/C, 18C/B, 19A, 19F/B/C, 23A and 23F). Detection of DNA/RNA of
influenza A and B; RSV A and B; parainfluenza viruses 1, 2, 3 and 4; rhinovirus (RhiV); adenovirus
(ADV); enterovirus; coronaviruses 229E, NL63 and 0C43; human metapneumovirus (hMPV);
Mycoplasma pneumonia; Chlamidophila pneumoniae and Bordetella pertussis in NPAs was
investigated by means of the TrueScience RespiFinder Pathogen Identification Panel (Applied

Biosystems).

Figure 5: HER Research laboratory

7.5. Ethical consideration

The protocol and informed consent documents were approved by the Ethics Committee of the
Hospital Clinic (Barcelona, Spain) and by the Comité d’Ethique de la Recherche Biomédicale

(Départ N°1252-16Déc 2009) of the Faculty of Medicine in Rabat.

7.6. Data management and statistical analyses

All study questionnaires were double entered into a study database using a program written in

Filemaker Pro 12 (Filemaker Inc., Santa Clara, CA, USA).

Statistical analyses were done using Stata 11 (Stata Corp., College Station, TX, USA). Study

variables were counted and summarized in frequency tables.
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Means with corresponding standard deviations, or medians and interquartile ranges (IQRs) are
presented, for normally or non-normally distributed variables, respectively. A probability of

<0.05 was considered statistically significant.
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9. Summary of results and conclusions

Study 1

Knowledge gaps on paediatric respiratory infections in Morocco, Northern Africa

Results
e The systematic literature review collected publication regarding pediatric ARIs over a
period of17 years. 33 documents were screened: 17 original articles published in peer
review journals, 12 in English language and five in French, one original paper was published
in French language in a Moroccan peer reviewed journal. Four abstracts were published in
French language and two in English. And three MOH reports were found related to the
topic. From the school of medicine libraries’, eight unpublished doctoral theses were
extracted.
e These documents are related to the description of cases admitted within the universities
hospitals, the description of the samples obtained from hospitalized patients with ARI,
studies conducted within the community and finally to the annuals reports of the national

health statistics.

Data available regarding ARIs in Moroccan children

e The world health statistics reports indicated that in 2012, ARl remained the leading cause
of pediatric (<5) mortality in Morocco, accounting for a total of 13% of all deaths in this age
group. Additionally, only half of the children with suspected pneumonia were taken to an
appropriate health provider, and 49% of the patients suffering from pneumonia received
antibiotics.

e National health statistics annual reports from 2005 to 2012 showed an important decrease
of ARl-associated deaths among children aged from 2 years to 59 months. However, no
changes can be observed for infants during the same period. The most commonly notified
cases during this period were pneumonia cases, followed by the severe pneumonia cases,
which occurred more frequently in infants. Almost 54% of the cases were reported from
rural areas.

e In 2000 ARI accounted for 30% of all pediatric emergency consultations and 20% of the
total number of admissions in the pediatric infectious disease ward. In 2010, data collected
from the same hospital and ward indicated an identical frequency regarding the number of
visits with ARI, but 42% of them were admitted.

e The clinical patterns of ARI were described in descriptive studies, mostly case studies, in

admitted patients in university hospitals. Throughout the past 17 years, the clinical

57



presentation of ARI has varied. In the past there were predominantly lobar pneumonia
episodes of presumed bacterial origin, whereas nowadays cases have a milder clinical
presentation, and are more often presumed viral origin.

e Before the pandemic episode of influenza HiN1 in 2008, few studies had described the
burden of viruses as causes of ARl among children. In 2014, one study reported that the
most commonly identified viruses included Rhinovirus followed by Respiratory syncytial
virus (RSV) and Adenovirus in children under five of age admitted in tertiary level hospital.

e The active microbiological surveillance conducted by the university hospital of Casablanca
from 1994 to 1998, reported that the most isolated germs included, in order of frequency,
the Staphylococcus aureus, followed by Streptococcus pneumoniae and Haemophilus
influenzae type b.

e Data of over 14 years of ongoing surveillance on antibiotic susceptibility of Streptoccoccus
pneumoniae, showed an important decrease of the antibiotic susceptibility, which was
more prevalent among children’s isolates. The lowest susceptibility was noticed for
penicillin.

e The most prevalent Streptoccoccus pneumoniae’s serotypes isolated among these
admitted patients were 6A, 19F and 6B. The 13-valent anti pneumococcal vaccine,
introduced into the Moroccan national immunization program in 2011, would cover up to
85% of those invasive isolates.

e The main independent risk factors for death or the requirement of intensive care unit
include prematurity, exposure to passive smoking at home, history of fever, cyanosis,
pallor, ronchis at chest auscultation, unconsciousness on admission, and Human
metapneumovirus infection.

Knowledge gaps

e Lack of consistent and homogeneous cases definitions for ARI within the different sources
of data (primary health care, university hospital and laboratory)

e Dispersion and segmentation of the data related to ARI hinder the synthesis of ARI trends
and the impact assessment of the preventive strategies and the clinical management.

e Absence of a systematic microbiological surveillance for the etiology of ARI in the hospital
setting

e Generalized absence of data for the etiology of non-severe ARI within the community

e Lack of investigation on the social determinants of ARI and the access to care

e Lack of evidence on the role of air pollution as a contributor to the incidence and the

severity of ARI
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There is no evaluation or control of the effectiveness and adequacy of the antibiotics
prescribed for ARI within the IMCI program.
The epidemiological indicators which could permit the study of the impact of the

introduction of conjugate pneumococcal vaccines are not collected

Conclusions

Data regarding epidemiological, clinical, and microbiological aspects of ARIs in Morocco
are scarce. As aresult, evidence based management and preventive strategies are difficult
to implement and to evaluate.

Efforts should be made towards the development of research strategies on all the fields
of social health determinants of ARls, to permit a holistic approach for understanding the
determinants of ARI in Morocco.

Moroccan researchers should attempt to disseminate more widely the data they generate
so that it reaches the wider scientific community and can be used to provide reliable
indicators for national and international policy makers to guide future preventives and

therapeutic strategies based on solid evidence.
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Study 2

The epidemiology and aetiology of infections in children admitted with clinical severe

pneumonia to a university hospital in Rabat, Morocco

Results

Patient’s characteristics and clinical presentation

During the 14-month-long study period, 3202 children aged 2-59 months with respiratory
symptoms visited the HER emergency room, 1334 (42%) were hospitalized, and 700 (52.4%)
were included in the final analysis.

Females represented 35.9% (251/700) of the hospitalized population, and mean age was
21.5 months

Vaccination compliance according to Morocco’s public expanded program of immunization
calendar was generally high (87%), despite a poor uptake of the pneumococcal conjugate
vaccine (117/700, 16.7%) which had recently been introduced into the EPI national calendar.
Almost one-third of patients (206/700; 29%) reported having used antibiotics prior to
admission.

Median duration of illness prior to hospitalization was 2 days (IQR 2-4). Fever was present
in over two-thirds of the patients.

Wheezing was the more common respiratory sign (66%), followed by rhonchi (51%).
Hypoxemia was present in 8% of the patient (53/671).

Mild or more severe malnutrition was frequent (30% of patients had a WAZ score <1 SD)

In 72% of cases of admitted children fulfilling the Who definition for clinical pneumonia,
chest X-rays were considered normal. In 19% of these children, X-Ray showed typical
alveolar consolidations, 1% showed pleural effusion and approximately 8% showed other
non-alveolar infiltrates

23, 28 and 22% of the patients had respectively increased CRP, PCT or total white blood cell
count values

9% of patients had low plasmatic zinc levels.

Aetiology

3.5% (24/690) were confirmed cases of Invasive Bacterial Disease, detected either by

conventional blood culture or molecular techniques.



Three invasive Hib episodes were detected during the whole study period (one by blood
culture and two by PCR)

Invasive pneumococcal disease was also infrequent, only 10 episodes, 80% of which were
detected through the use of PCR in blood.

Serotypes 6A, 19F/B/C and 6B accounted for almost two-thirds of all circulating serotypes
of Streptococcus pneumonia.

Nasal and/or pharyngeal carriage of either S. pneumoniae or Hib was common among
recruited children (23 and 12%, respectively).

Vaccine coverage of circulating serotypes with the currently implemented 13-valent
pneumococcal conjugate vaccine was 40 (4/10) and 67% (113/169) for IBD and
nasal/pharyngeal carriage, respectively.

The nasopharyngeal carriage of at least one respiratory virus in the nasopharynx was
almost universal (628/683, 91.9%) in these patients. Mixed (double, triple, quadruple or
even quintuple) infections occurred in 40% of the hospitalized patients.

Rhinovirus was the most commonly detected virus (360 cases, 52.7%), followed by RSV (124
cases, 18.2%) and adenovirus (17%), and 61 of the inpatients (8.9%) had an hMPV infection.
Among RSV positive infections, 68 (54.8%) were single RSV-Ainfections, 9 (7.3%) single RSV-
B infections, and the remaining 47 (37.9%) mixed RSV-A/RSV-B infections. A single case in

this series presented with a mixed hMPV RSV infection.

Epidemiological aspects

Bronchiolitis episodes were essentially restricted to the coldest season

Pneumonia and bronchitis episodes did not show a clear seasonal variation.

Patient’s management

The Median duration of admission was 4 days (IQR 2-7).

41% (286/700) of the recruited patients received intra-hospital antibiotics

The proportion of patients being prescribed corticosteroids was 57%. 72% received
bronchodilators and 76% received oxygen.

Eight percent (57/699) of the patients required admission to the intensive care unit, where
CFRs was 42%.

The overall Case fatality rate was 4.1 %.

Only 28% of the patients at the time of discharge had a clinical diagnosis of bacterial

pneumonia (associated CFR: 6.2%) according to the discharging physician.
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Conclusions
The data collected shows the high burden of respiratory infections among Moroccan
children, as detected in Rabat’s HER, and raises a major public health alarm, particularly
because of the unexpectedly high associated in-hospital CFRs.
Invasive IBD was highly infrequent and the majority of patients had viral infections and/or
wheezing-related conditions. This can testify the epidemiological transition of the
etiologies of ARI and justify the urgent need of the implementation of surveillance
systems that will help the recognition of the etiology of ARI, so as to improve their
management.
The low incidence of IBD could partly be explained by antibiotic usage prior to
hospitalization and by the low diagnostic yield of the conventional blood culture method.
This underlines the importance of using more sensitive diagnostic tests in this setting,
such as PCR to increase the detection of the pathogens related to ARl in children.
This study provides the first series of comprehensive epidemiological, clinical and
laboratory data describing Moroccan children admitted with CSP. Surveillance exercises
such as this should be continued and considered as baseline for further longitudinal
studies and research regarding paediatric respiratory infections in the area. This may
enable the identification of the trend of ARI ’s etiologies, their distribution and clinical

presentations, and eventually contribute to improve their management.
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Study 3

Risk factors for a poor outcome among children admitted with clinically severe pneumonia to

a university hospital in Rabat, Morocco.

Results

During the 14-month-long study period, among 3202 children aged 2-59 months who
visited the HER emergency room with respiratory symptoms, 1334 (42%) were
hospitalized, and 700 (52.4%) complied with the WHO- severe pneumonia case definition.
27.2% (187/689) of these patients were assigned to the poor prognosis group.
Corresponding to children who died, or needed ICU admission or had a RISC score 23.
While, almost 72.8% (502/689) children were assigned to the good prognosis group,
corresponding to child which were discharged from hospital with clinical improvement ,
or did not need to be admitted to the intensive care unit, or having a RISC score <3.
55/689 (8%) patient from this series required an admission to the intensive care unit.

28 deaths were registered among 689 (4.1%) patients admitted.

Clinical characteristics of patients with poor prognosis

Patient in the age group < 12 months were almost three times more at risk to belong to the
poor prognosis category of patients (OR 2.8, 95% Cl 1.97-2.98).

They were more frequently premature (OR 2.50, 95% Cl 1.24-5.04), or had co-morbidities
(OR 3.06, 95% Cl 1.37-6.83).

These patients experienced a longer history of symptoms, corresponding to an average of
5.56 * 7.85 days versus 3.40 * 4.29 days in the good prognosis group (p = 0.001).

They had received more frequently antibiotics before their admission, (36.36% vs 27.09%, p
=0.001)

They were more frequently exposed to tobacco smoking at home (OR 1.79, 95% Cl 1.18-
2.72).

They presented on admission more severe symptoms, including fever (OR 2.25, 95% Cl 1.32-
3.83), cyanosis (OR 2.09, 95% Cl 1.05-4.15), pallor (OR 2.27, 95% Cl 1.34-3.84) and impaired
conscientiousness OR 16.63; 95% Cl 4.81-57.45).

They had rhonchi on auscultation (OR 2.45, 95% Cl 1.58-3.79) and lower oxygen saturation
(93.31+ 6.35 versus 95.37 £ 3.12. p = 0.001).



The history of previous admission for respiratory infection and wheezing, where found to
be protective factors, indeed the history of asthma was the only independent risk factor
for a positive outcome (OR 0.46, 95% Cl 0.25-0.84).

16.5% (30/182) patients with poor prognosis were severely malnourished.

Radiologically confirmed pneumonia was much more frequent (32.9% vs. 14.5%, p = 0.001)
amongst children with a poorer outcome.

The indication of antibiotics during their hospitalization was eight times higher in patients
with poor prognosis (OR 8.75, p < 0.001).

The length of stay were significantly more prolonged in this group (9.96 days vs. 4.31 days,

p = 0.001).

Laboratory finding among patients with poor prognosis

1.

Children were more anaemic, 24 (16.11%)

They had elevated biomarkers of infection (PCT and CRP). The PCT was almost four times
more elevated in poor prognosis group (OR 3.94; 95%Cl 2.69-5.77) and CRP two times
higher (OR1.91; 95%Cl 1.30-2.80).

Importantly, no differences were seen according to the outcome group in the mean white
blood cell count or in the prevalence of leukopenia or leukocytosis.

Bacteraemia was more frequent (7.50% vs2.03%, p = 0.001)

hMPV was found two times more frequently among this group (OR 2.13; 95%Cl 1.13-4.02).
The distribution of the others viruses identified in this series, namely the Adenovirus,
influenza, parainfluenza, Respiratory syncitial virus was not statistically different between

both groups.

Conclusions

An unacceptable high case fatality rate among children admitted with severe acute
respiratory infection was registered in this tertiary level hospital

Infants were more likely to be at risk for poor prognosis in this setting; they may need a
more conservative approach in terms of management.

The risk factors of poor prognosis found in this series were similar to those already
described in other settings and are more likely to be preventable and managed at the
community level though enhanced maternal education to early recognize the severity of
ARl episode, and to improve her child nutritional status and the community health

education to avoid indoor smoking and
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An early recognition and a suitable evaluation of the clinical risk factors by the clinicians
would help to improve their prognosis and better orient the clinical management.

This study showed for the first time in this setting that h(MPV was associated with poor
outcomes. This may lead to suggest an active surveillance of this virus to better study its

pathogenicity among children under five years of age.
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Study 4

A comparison of human Metapneumovirus and Respiratory Syncytial virus WHO-defined

Severe Pneumonia in Moroccan children

Results

e Among the 683 patients included in this study, 628 (91.9%) had at least one viral pathogen
detected in their nasopharyngeal aspirate, and sixty-one (8.9%) were infected with hMPV
and 124 (18.2%) with RSV.

e Among RSV positive infections, 68 (54.8%) were single RSV-A infections, 9 (7.3%) single
RSV-B infections, and 47 (37.9%) had mixed RSV-A/RSV-B infections

e RSV cases presented a very clear seasonal pattern, with over 98% cases occurring between
November and April (coinciding with the coldest and least humid months).

e hMPV were predominantly detected in two peaks, one occurring during the spring
months and the other during the fall season.

e Both viruses were very similar in terms of demographics, patient history, past morbidity
and co-morbidity, vaccination history, socio-economic background and family
environment distribution and characteristics.

e The clinical presentation of hMPV cases referred a significantly commoner history of fever
and runny nose on admission and had poorer nutritional status. They presented a higher
proportion of elevated C-reactive protein (>5mg/dL) (36.1% vs. 21.8%, p=0.041).

e  (Cases of RSV were significantly more frequently pale on arrival (22.9% vs. 9.7%, p=0.015),
wheezed more (70.2% vs. 52.5%, p=0.018) and had a significantly higher mean respiratory
rate (64.6 vs. 59, p=0.009).

e RSV was more commonly associated to bronchiolitis episodes (41.1% RSV vs. 6.6% hMPV,
p<0.001).

e hMPV was more frequently associated with pneumonia episodes (42.6% vs. 31.4%,
p=0.135) or bronchitis/asthma (39.3% vs. 25.8%, p=0.060).

e Laboratory results showed with a higher proportion of anaemic patients in the RSV group
(19.2% vs 5.9%, p=0.032), with a significantly lower mean haemoglobin value on admission
(10.4 g/l vs 12.1 gfl, p=0.004) while hMPV cases presented a higher proportion of elevated
C-reactive protein (>5mg/dL) (36.1% vs 21.8%, p=0.041).

e Normal Chest X-rays was found in 60.9% and 71.7% in RSV group and hMPV respectively.
Pleural effusion/ lobar condensation were found in 24.3% in RSV cases and in 18.9%among

hMPV cases.



Both viruses coexisted frequently with other respiratory viruses (Rhinovirus, Coronavirus,
Influenza and Parainfluenza or Adenovirus).

hMPV cases carried twice the amount of pneumococci in their nasopharynx (29.5% vs.
12.9%, p=0.006), and were significantly more commonly viral monoinfections than RSV
cases (49.2% vs. 29.0%, p=0.007).

hMPYV patients had a higher mean RISC severity score (1.8 vs 1.5, p=0.025), and were more
commonly transferred to the intensive care unit (11.5% vs. 3.2%, p=0.026).

RSV-infected patients required more bronchodilator treatment (p=0.011), while hMPV
received more corticosteroids (p=0.001) and antibiotics (p=0.048).

Four deaths were notified (4/124) in the RSV group: two cases were pneumonia cases, one
was a bronchiolitis and one was bronchitis.

Three deaths among 59 cases of hMPV were reported (two pneumonia cases and one

bronchiolitis case).

Conclusions
This study confirms the high prevalence and the importance in this country of both RSV
and hMPV infections as cause of paediatric respiratory-related admissions.
In our setting RSV and hMPV viruses show similar clinical symptomatology, but hMPV
seems to be associated with a more severe evolution than RSV.
Long-term studies are needed to characterize disease pathogenesis of HMPV among
children and to understand the host response. This will help design evidence-based

identifying antiviral preventive and curatives strategies against these pathogens.
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Study 5

Antibiotic Usage prior and during hospitalization for Clinical Severe neumonia in children

under five years of age in Rabat, Morocco.

Results

Patient’s characteristics

®  20.4%(206/700) of all children <5 years of age admitted during a 1 year-period in a tertiary
hospital of Morocco for clinical severe pneumonia, had received antibiotics within the two
weeks preceding their hospitalization.

e Antibiotics were principally prescribed by a physician (166/192; 86.5%), obtained directly at
the pharmacy (21/192; 10.9%) and in 5 cases (2.6%) taken as self-medication.

e 30.6% (63/206) of patients having received pre-admission antibiotics had medical
insurance.

Factors significantly associated to antibiotic prescription before the admission

e The mean age of children who received antibiotics was 19.7+13,8 in comparison to
22,3+14,8 among those who did not received antibiotics before their admission( p=0.03).
35.9% (74/206) of antibiotic prescription before admission occurred in children younger
than 1years of age.

e Children having received antibiotics prior to admission, had a shorter duration of
breastfeeding: 8,4 +7,5 vs 10.1+7,9 (p=0.03).

e They were not correctly vaccinated regarding the National Immunization program. (aOR
1.89; 95%Cl 1.11-3.23)

e  Their parents reported a history of fever (aOR 1.52; 95%Cl 1.02-2.28), difficulties of feeding
(aOR 1.59; 95%Cl 1.11-2.28) and symptoms lasting over 7 days (aOR 3.98; 95%Cl 2.17-7.31).

Characterization of patients which needed intra-hospital antibiotics prescription

e 40.9%(286/700) of the recruited children required antibiotic therapy.

e Among those who had received antibiotics before the admission 52.4% (108/206) needed
intra-hospital antibiotics prescription.

e 31.6% (221/286) took one kind of antibiotics, while 7.2% (50/286); required two kind of
antibiotics and further 2.1% (15/286) received three or more.

e Those children were young ( 2515 ; 16,4 vs + 12,2(p <0.01),they had severe clinical picture

on arrival and longer duration of respiratory symptoms (3 #4,3 vs 5.3+6,7 (p<0.01).
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e The chest X-Ray of patients who needed antibiotics during their hospitalization showed
pneumonia images, and they had a higher C - reactive protein or high procalcitonin
plasmatic levels.

e Intra-hospital antibiotic prescription was clearly syndrome-oriented. Ninety-two percent
(180/195) of the pneumonia cases of suspected bacterial origin received antibiotics. Only
13.8% (44/319) of the bronchitis episodes were treated with antimicrobials.

e (Case fatality rate was higher among patients who required antibiotics during the admission

(22/283; 7.8%) vs (6/407; 1.5%; p < 0.001).

Types and susceptibility of the antibiotic used in ambulatory setting and in the hospital setting

e Before the admission, at the community level, Amoxicillin/ clavulanic acid and oral
amoxicillin were the two most frequently used antibiotics, respectively (73/206; 35.4%) and
(50/206; 24.3%), followed by macrolides (47/206; 22.8%).

e In the hospital setting, the antibiotics more commonly prescribed included: cephalosporins
(213/286; 74.5%), macrolides (60/286; 21%) gentamicin (39/286; 13.6%), Amoxicillin/ clavulanic
acid (32/286; 11.2%) and amoxicillin (14/286; 4.9%)

e The Streptococcus pneumoniae isolated from blood culture and obtained from patient’s
nasopharynx, showed a good susceptibility to most antibiotic tested. Resistance to
amoxicillin was about 14.6%, regarding to Penicillin G it was about 10.3%, and 20.4% of

resistance to erythromycin and 24.7% to Trimethoprim/ sulfamethoxazole.

Conclusions

1. In our population, 30% of the children admitted for severe ARI had received antibiotics
before their admission. This low-to-moderate figure is lower to that reported in 2011at the
national level for outpatient treatment of ARls.

2. The high extra-hospital use of extended spectrum antibiotics (amoxicillin-clavulanic acid;
macrolides, cephalosporins, identified in this series, raises some concerns about favouring
the selection of antibiotic resistant pathogenic microorganisms.

3. Our series showed a virtually or even inexistent utilization of penicillin, a drug that
remains first line recommendation for the treatment of most community-acquired upper
respiratory tract infections in many developed countries.

4. Independent risk factors associated with pre-hospitalization usage of antibiotics in Rabat

seem mostly related to the severity of the clinical picture or the duration of the illness.
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During hospitalization, prescription of antibiotics seems to be syndrome-based, being
more frequent in those cases oriented towards a bacterial origin, and much lesser among
the wheezers.

The antibiotics used at hospital setting are based on currently existing and well-
established international recommendations.

In this series, the susceptibility of common circulating respiratory bacteria to commonly

used antibiotics remains reasonably high.
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Study 6

Streptoccoccus pneumoniae carriage among healthy and sick paediatric patients before the

generalized implementation of the 13-valent pneumococcal vaccine in Morocco, 2010-2011.

Results

e Seven hundred eligible patients for the study were admitted for severe clinical pneumonia
during the one- year survey, and 200 healthy children were recruited from primary health
care centers during one month.

e The proportion of infants among recruited children was 31% (214/700) in the admitted
patients and 70% (138/195) in children from the community.

e Nasopharyngeal carriage of streptococcus pneumonia among admitted patients was 23%
(159/697), and 40.5% (79/195) among children attending the primary care centers.

e Serotype distribution was assessed by molecular methods in 74.2% (118/ 159) in admitted
children, and in 58.2 % (46 [79) cases of healthy children.

e The most frequent circulating serotypes included 6A, 6B and 19F/B/C. Representing
respectively 29%, 18% and 18,6% in sick children and 16,5%, 12,6% and 14% in healthy children.

e  Their proportion of S.pneumoniae carriage among healthy children was 2 to 8 times higher
in children less than 12 months.

e  While 19F/B/C was twice important among those who get the 13-valent pneumococcal
conjugate vaccine, 6B was not isolated among unvaccinated children.

e The vaccines coverage of the circulating serotypes for which serotype data were available

was 95.7% (113/118).

Conclusions

1. This study showed a moderately low nasal carriage of pneumococci, ranging from 23% to
40% in two very distinct paediatric populations, namely sick children with clinical severe
pneumonia and healthy children. These proportions are lower than expected carriages
rates of those serotypes most commonly described in the literature from developing
countries.

2. Most of the serotypes identified are included in the current vaccine used by the national
immunization program Introduced in November 2010.

3. Continuous monitoring and investigation for the serotype distribution of pneumococcal
carriage and invasive disease remains necessary in Morocco, to adequately detect the
emergence of new circulating serotypes, and prevent further morbidity and mortality as

well to adequately as assess the impact of the recently implemented vaccine.
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10. General conclusions

Study 1

1.

Data on ARlIs burden, aetiology and determinants in Morocco are sparse and insufficient
to guide and to evaluate the preventive and curatives strategies conducted by the
Ministry of Health and adopted by the physicians.

A national surveillance system on ARIs epidemiology, aetiology should be implemented
and should involve both public and private sectors.

Research studies on the environmental determinants of ARI such as indoor and outdoor
air pollution should be conducted and their results must be considered in the
development of preventive health policies and regulation.

Moroccan researchers should attempt to disseminate more widely the data they
generate, so that it reaches the wider scientific community and can be used to provide
reliable indicators for national and international policy makers to guide future preventives

and therapeutic strategies based on solid and updated evidence.

Study 2

The burden of respiratory infections among Moroccan children, as detected in Rabat’s
HER is significant. It is also particularly preoccupying because of the unexpectedly high
associated in-hospital CFRs.

Morocco seems to have experienced an epidemiological transition, since the clinical
presentations of ARI has shifted towards wheezing-related conditions, and also in the
relation to the low incidence of IBD partly explained by the importance of the antibiotic
usage practices prior to hospitalization. These conditions underline the importance of
using more sensitive diagnostic tests in this setting, such as PCR to increase the detection

of the pathogens related to ARI'in children and to improve their management.

Study 3

Mothers/ caregivers and clinicians/ health workers at the community level should be
taught to identify preventable factors of bad prognosis of ARI in order to trigger the
appropriate action.

A suitable evaluation of the predictive factors of bad prognosis by the clinicians would
orient the clinical management and will contribute to improve the prognosis of

pneumonia in children.
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Study 4

9. In Morocco, both RSV and hMPV infections are important causes of paediatric respiratory-
related admissions.

10. hMPV is associated with a bad prognosis in our series.

1. As no specific curative or preventive treatment is available in Morocco for neither of those
two viruses, an early recognition of these pathogens is important to improve the
prognosis of the children affected by a good clinical management of the symptoms

related to the disease.

Study 5

12. A rational use of antibiotics should be encouraged among health professionals who
practice either in hospital or at the ambulatory setting, to slow the progression of the
antibiotic resistance in Morocco, through continuing education in clinical pharmacology.

13. Stronger regulations on antibiotics sales would be a necessary measure to reduce the
inappropriate use of Antibiotic.

14. Perceptions and attitudes of both antibiotic prescribers and users regarding antibiotics

usage should be further investigated.

Study 6

15. Continuous monitoring and investigation of pneumococcal carriage and its serotype
distribution and surveys of pneumococcal associated invasive bacterial disease remain
necessary in Morocco, to adequately detect the emergence of new circulating serotypes

as well as to assess the impact of the pneumococcal vaccines.
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11. The way forward

The challenge now is to move forward from these six studies, and translate their conclusions
into improvements in the national policies in the prevention and the control of ARIs among
children. These data should guide on how to further design strategies to improve data
identification, collection, analysis, dissemination and utilization, both at the clinical level and

policy maker levels.

These studies make a contribution to the improvement of paediatric ARIs knowledge in
Morocco by identifying and analysing the data collected systematically from the national
health statistics and by underlying the knowledge gaps on the epidemiology and aetiology of
ARI. Additionally, the specific surveillance conducted among admitted children provide a
comprehensive picture of their clinical, epidemiological and etiological characteristics, as well
to their prognosis factors and general response to available care. It highlights areas in which
enhanced case management may be possible, and provides a first baseline for further research

regarding paediatric respiratory infections.

These studies need to be pursued by more research in different urban, suburban and rural
geographical areas within the country, at different health facility levels, and also should
encourage the involvement of the private sector as an important new source of data. A wider
research on all social determinants’ of the disease, both in terms of accessibility to health care,
atmospheric pollution exposure and to indoor pollution, should be explored for a holistic
approach to the care and prevention of ARI. This would also facilitate the translation of the
knowledge gained into policy and may guarantee the sustainability of the production of
reliable data, which will orient the best preventive and management strategies to decrease the

current impact of ARIs in child health in Morocco.

These next steps can be organized in 4 axes: epidemiological surveillance, research, Training

and education and health policies regulations.
Epidemiological surveillance
The goal is to improve data availability, reliability and relevance, by:

1. Merging the available databases to provide a comprehensive view of the epidemiology and
trends of ARI. Such as merging the database of the immunization program to the database of

the health care facilities and hospitals

2. Reporting annually the synthesis of data regarding the incidence of ARI (cases of severe and

very severe pneumonia) and their distribution by age, the hospitalization and mortality rates
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4. Establishing a national ARI surveillance involving urban and rural sentinel health centers and

private practitioners for monitoring the nasopharyngeal carriage of S.pneumoniae

5. Establishing a continuing microbiological surveillance of the antibiotic resistance by

integrating clinical data from patients and community samples.
Research
The most urgent questions that still need to be addressed include:

1. Investigating the social and environmental determinants that influence the incidence and

severity of ARI.

2. Investigating the physicians and patients practices of in terms of IRA related antibiotic

prescribing and consumption

3. Conducting studies to explain the very high rate of in-hospital CRF, and investigating the
attribuable rate of nosocomial infections and using post mortem evaluations and/or sampling

to reach a““ gold standard” aetiological diagnosis.
4. Investigating the pathogenic role of hMPV in Moroccan child

5. Conducting case-control studies among children carrying viruses to identify the pathogenic

role of these viruses

6. Conducting prospective cohort studies to identify the long-term effects of different

serotypes of rhinovirus in infected child.
Training and education
Based on the evidence produced, and the local epidemiology of ARI, there is a need of:

1. Providing continuous training for physicians on the diagnosis and management of patients

with ARl and in clinical pharmacology.
2. Train the laboratory technicians at the peripheral level for the diagnosis of AR.

3. Strengthen ARI prevention programs by educating the mothers to early recognize the signs

of severity and by the promotion of stopping cigarette smoking in the community level.
Health policies regulations

Advocacy towards the regulation of antibiotics sale
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