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Abstract
The article presents current literature on interstitial pneumonia in children and
infants in clinical and forensic medical aspect. Particular attention has been
paid to the clinical course and etiological factors of the disease, as well as to the
results of autopsy and histopathology. The article also discusses the possibility
of extending the post-mortem studies with immunohistochemistry and genetic tests. Interstitial pneumonia in children, specially in infants, is still the leading
cause of death in this age group. This problem is a challenge for paediatricians
due to its atypical clinical course and the different etiological factors that are
difficult to determine. In turn, that’s also complicated issue for forensic medical
experts and pathomorphologists – due to its scant and often ambiguous morphological presentation, making it difficult to determine the cause of death.
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Introduction
In general, pneumonia is the answer of “pulmonary
tissue” to broadly understood inflammatory stimuli.
Microbes are the most common stimulus, but it can
also be non-infectious agents that cause an inflammatory reaction in the lung. Morphologically, this process manifests itself in retrogressive changes, blood
flow disturbances and productive changes. It can roll
– or more precisely – start mainly in the alveoli or in
the lung stroma [1,2]. This process causes a reduction
of the total lung capacity (to varying degrees), which
is why it is included in the restrictive diffuse lung
diseases of known aetiology. Clinical and histopathological symptoms of the disease is extremely rich and
depends primarily on the type of pathogenic agent,
the form of inflammation and individual conditions
of the patient (age, maturity of the immune system,
general health status, etc.).
There are many ways to distinguish this group of
diseases, which sometimes cause some classification
difficulties. The division criteria are as follows: etiological factor (bacterial inflammation – specific and
nonspecific, viral, fungal, parasitic, immunoallergenic); the way of infection spread (bronchial, bloodborne, by continuity from surrounding tissues); type
of inflammatory exudate (serous, catarrhal, fibrinous,
purulent, hemorrhagic, gangrenous); circumstances
in which the infection occurred (hospital-acquired
pneumonia – HAP or community-acquired pneumonia – CAP, so-called environmental); the extent of
inflamed lung tissue and the type of involvement of
the parenchyma (lobar inflammation or lobular, alveolar, interstitial, pleural or non-pleural) [1–3].
According to Maitra and Kumar, the best division
in everyday clinical practice is due to the clinical
situation in which the infection occurs, i.e. “Pneumonia syndrome”: HAP, aspiration pneumonia,
chronic pneumonia, necrotizing pneumonia and
lung abscess, and also immunocompromised individuals’ pneumonia [4]. This division enables rapid
implementation of pharmacological empirical therapy, because the list of etiological factors in a given
clinical situation is relatively specific and commonly
known [5].

Epidemiological data
on the incidence of
interstitial pneumonia
and related mortality
Pneumonia is one of the most common causes of
death among respiratory diseases of the general population. In Poland, in 2006, the standardized death
rate due to pneumonia per 100,000 population was
19 cases [6]. Mortality among patients with community-acquired pneumonia treated out-patient does
not exceed 1%, whereas when the patient is in need of
hospitalization, it grows to 5–20% [7]. The risk factor
for falling sick and death from pneumonia is age –
mortality is highest in extreme age groups. Pneumonia remains one of the leading causes of children’s
death, especially those who are under the age of one.
According to the 1990 data of the WHO, in developing countries pneumonia is the primary cause of
25% of deaths among children under five and in this
respect it precedes even diarrhea (22%) [3]. Among
children up to two years of age, there are two million deaths annually [8]. According to the data of the
Central Statistical Office, in 2008, 69 children under
4 died in Poland for pneumonia (including 50 children up to 1 year of age) [9]. The percentage of infant
deaths due to pneumonia per 1,000 live births in 2008
was 0.1, which means that one baby per 10,000 dies
for this reason. It should be noted that this indicator
has remained at a similar level since the beginning of
the 21st century. Its significant reduction from 1.8 to
0.2 (from over 4% to around 1.8%) took place in the
1980s and 1990s [6,9].
Data from 2013 show that pneumonia in Poland
caused 6.5% deaths among people aged 1-19 years,
and since 2000 there has been an upward trend in
mortality rates for this reason [10]. Causes of this
phenomenon are not clear, but at least partly it may
be associated with an increase in the frequency of
pneumonia caused by unidentified infectious agents.
In the forensic medical practice it was also confirmed, that pneumonia is a significant cause of children’s death in the group of deaths from disease-related causes. Bloch-Bogusławska et al. analyzing a small
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group of 14 newborns who died due to illness in the
years 1992–2006, based on the results of microscopic
studies, found that the most common (71%) cause
of death in this group was respiratory failure due to
pneumonia [11].

Clinical symptoms of
interstitial pneumonia
depending on age and
etiological factor
Interstitial pneumonia is a large group of diseases that
includes both: infectious inflammations that affect
different degrees of lung stroma, and less frequent idiopathic inflammations that are part of a broad spectrum of interstitial lung diseases [2,12]. This group
includes atypical lung diseases, particularly difficult
to diagnose, both in life-related diagnostics and
post-mortem diagnostics – pathomorphological and
forensic medical. This consists of: uncharacteristic

course of the disease and often scant symptomato
logy, a short period from the first onset to a dramatic
deterioration, poor morphological image and the lack
of established diagnostic criteria, especially in infant cases. For this type of inflammation predispose,
among others, any immune disorders (deficiencies,
autoimmune diseases) and malnutrition.
Clinical symptoms are scant, especially in children may be hidden (“fever-free pneumonia”) or
limited to elevated temperature. Unfortunately, this
often results in a delayed diagnosis or even a lack of
it, which may raise suspicion of a medical error or
negligence of parents. In such situations, it is necessary to obtain a forensic medical opinion (optimally
in an expert team composed of a forensic medical expert and a pediatrician) regarding, among others, the
possibility of early diagnosis of a child’s illness and
prevention of death. In the case of atypical pneumonia, sudden respiratory failure is disproportionate to
previous physical and radiological symptoms.
Etiological factors of pneumonia in the youngest
age groups are presented in Table 1. Analyzing it, it

Table 1.

Etiological factors of pneumonia in the youngest age groups [8,17; modified by authors]

Age

Frequent pathogens

Rare pathogens

up to 1 month old

Streptococcus type B,
Gram-negative bacteria
(mainly Enterobacteriaceae),
viruses

1–3 months old

Chlamydia trachomatis, influenza
viruses, parainfluenza viruses,
respiratory syncytial virus, human
metapneumovirus, adenoviruses,

3 months – 5 years old

Influenza viruses, parainfluenza
viruses,
respirators syncytial virus, human
metapneumovirus, adenoviruses,
rhinoviruses,
Haemophilus influenzae,
Streptococcus pneumoniae

Anaerobes,
Haemophilus influenzae,
Streptococcus pneumoniae,
Streptococcus type A, Staphylococcus
aureus, Listeria monocytogenes,
human herpesvirus-1 and 2,
cytomegalovirus, varicella zoster
virus, enteroviruses,
rubella viruses
Streptococcus type B, Staphylococcus
aureus, Haemophilus influenzae,
Streptococcus pneumoniae,
Streptococcus type A, Bordetella
pertussis, cytomegalovirus,
Ureaplasma urealyticum,
Pneumocystis jiroveci
Staphylococcus aureus, Mycoplasma
pneumoniae (in epidemic periods
even up to 30% of infections),
Chlamydophila pneumoniae
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should be remembered, that more and more often attention is paid to the fact, that the boundary of the
domination of specific pathogens gradually diminishes depending on the age of the child [13,14]. Infectious interstitial pneumonias are most often caused
by viruses (influenza, parainfluenza, chickenpox,
measles, adenovirus, CMV, etc.), so-called atypical
bacteria (Mycoplasma sp., Chlamydia sp., Legionella
sp., Rickettsia sp., Francisella tularensis) and fungi
(e.g., Pneumocystis jiroveci) [1,3,15,16].
The concept of “atypity” is basically a historical term, because it was created at a time when the
available research methods didn’t allow to show the
presence of microorganisms responsible for infection in materials collected from patients, and the use
of penicillin did not bring the expected result [18].
This concept was introduced to medical terminology in 1938. At that time, eight cases were described
where pharyngitis caused by an unknown pathogen
(probably Mycoplasma pneumoniae), accompanied
by flu-like symptoms, evolved into inflammation of
the larynx, trachea, bronchi and lungs [4]. Today, in
the times of molecular biology and genetics achievements, when we know and can identify atypical microorganisms, this term is valid only in the context of
different clinical symptoms of inflammation caused
by them, not recalling the course of “typical” bacterial inflammation, e.g. classic lobar pneumococcal
lung inflammation [19-21].
Mycoplasma pneumoniae – the most common
atypical bacterium – is responsible for about 2–39%
of atypical pneumonia [13,22]. The development of
mycoplasma pneumonia is subacute, with gradually
increasing persistent cough, initially dry, then with
the expectoration [3]. Clinical symptoms may affect
not only the lungs, but also extrapulmonary locations: skin (rashes, erythema multiforme), circulatory system (pericarditis, arrhythmias), hematopoietic system (thrombocytopenia, haemolytic anemia),
osteoarticular system (arthritis, muscle pain), the
digestive system (nausea, vomiting, hepatitis), the
nervous system (aseptic encephalitis and meningitis,
ataxia) and the kidneys (glomerulonephritis) [8]. The
clinical course of chlamydial pneumonia is similar
to mycoplasma pneumonia. However, characteristic symptoms are: hoarseness and conjunctivitis [3].

Chlamydophila pneumoniae induces the production
of IgE in the child’s body, hence allergic reactions are
possible. In the diagnosis of both diseases, radiological, microbiological and serological tests for specific
antibodies are helpful in the face of usually scant clinical symptoms. For the diagnosis of interstitial pneumonia caused by an atypical infection, organ biopsy
is, in most cases, not performed [8].
Viral infections, another cause of atypical pneumonia, can occur at any age. In adult’s age group it
is most often caused by influenza A and B viruses,
whereas in children’s age group also by respiratory
syncytial virus (RSV), human metapneumovirus
(hMPV), parainfluenza viruses, adenovirus, coronavirus, rhinovirus, enterovirus, human herpesvirus-1
and 2 (HHV-1 and 2), cytomegalovirus (CMV) and
varicella zoster virus (VZV) [8,17]. Viral infection,
causing inactivation of the mucociliary clearance
mechanism, predisposes to the development of se
condary bacterial infection. The overlap of these two
processes not only makes it difficult to diagnose, but
– more importantly – definitely worsens the prognosis for a sick child. In summary, the clinical presentation of the above mentioned pneumonias is usually
oligosymptomatic and the course of these diseases is
sometimes extremely dynamic.

Post-mortem image of
interstitial pneumonia
and forensic medical
diagnostic possibilities
Sudden deaths of infants and children are invariably
an important diagnostic problem for a forensic medical expert, because an autopsy usually does not allow to determine the cause of death, which does not
change the fact that this is a necessary examination
and should be ordered and carried out in each case
[23,24]. Histopathological examination also relatively often does not allow resolved unambiguously
in this regard, including the determination of the
etiological factor. Only some microorganisms cause
characteristic changes in cells, e.g. “eye-owl” cells in
CMV infection [25,26].
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During the autopsy lungs are blue-red, aerial, often
with a slightly increased consistency [1]. Changed
areas, scattered or covering whole lobes, are red-blue,
bloodshot and crackling to the touch [4]. Usually in
the microscopic view the attention of the histopathologist is paid to lack of exudate in the alveoli and
in other air spaces and thickening of the lung parenchyma (the space between the epithelium lining the
lungs and endothelium of capillaries surrounding the
vesicles), lung edema and infiltration by lymphocytes,
macrophages, less frequently plasmocytes and granulocytes (Fig. 1) [1,4,26]. Giant cells may be present
in some viral pneumonia. Intensity of the infiltration
is different, especially in the lungs of premature babies, there may be very few inflammatory cells, which
raises diagnostic doubts. Usually coexisting features
of atelectasis are also found, and in particularly severe cases, diffuse injury to the vesicles can develop
with the formation of hyaline membranes [4]. The
thickening of the capillary barrier visible under the
microscope manifests clinically with dyspnoea, dry
cough, tachypnoea, and in additional tests a reduced
diffusion capacity for carbon monoxide (DLCO).
The leukocyte infiltration visible in the microscopic
image is the result of a cellular response of the patient’s lung immune system, in which the main role
is played by lymphocytes with the characteristics of
immune memory cells. In healthy people’s samples,

lymphocytes constitute about 10% of cells obtained
from the lungs by bronchoalveolar lavage (BAL) –
in 90% they are T lymphocytes and in 10% B lymphocytes [2,12]. T lymphocytes are involved, among
others, in the process of antigen recognition, B cell
proliferation and cytotoxicity. B-lymphocytes are
cells that present antigens and plasmocyte precursors – the main cells that produce immunoglobulins,
participating in the humoral response. In response to
intracellular pathogens (e.g. viruses and atypical bacteria), the T-cell (Th1) cell-mediated response plays
a key role. In interstitial lung diseases, the accumulation of T lymphocytes in the lungs with a disorder of
CD4 + to CD8 + subpopulation is normal (properly
60:30), which was used in the diagnosis of these diseases [2,12].
The prevalence of interstitial pneumonias, their
poorly-expressed clinical symptoms and often uncharacteristic, fatal course of the disease in infants,
suggest the hypothesis that probably part of the cases
classified as SIDS – sudden infant death syndrome –
is caused by unrecognized on time atypical pneumonia. Bajanowski et al. analyzed paraffin-embedded
lung tissue taken during autopsies of 118 children
who died suddenly. In order to detect the DNA of
adenoviruses (one of the etiological agents of atypical pneumonia), nested polymerase chain reaction
(nPCR) was used. In the group of non-natural deaths

Fig. 1.

A typical microscopic image
of interstitial pneumonia with
thickening of interalveolar septum in hematoxylin and eosin
(HE) stain.
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no adenovirus DNA was found, in the group without histopathological image of interstitial pneumonia adenovirus DNA was found in 10.2% of samples,
while in the group with advanced microscopic image of interstitial pneumonia adenovirus DNA was
present in 26% of samples [19]. In post-mortem diagnosis of interstitial pneumonias, immunohistoche
mical methods are very rarely attempted. Ogbuihi
and Zink, using monoclonal antibodies directed
against leukocytic antigens, intended to characterize the cellular components in the interstitium of the
lungs of children who died with SIDS. It is true that
they failed to confirm the inflammatory origin of the
focal cell proliferation observed in SIDS, but they
proved the inflammatory nature of cells infiltrating
the lung subareas in cases of interstitial inflammation [27]. Among newer works, attention is drawn to
Dettmeyer’s report that cells infected with CMV virus typically present a positive immunohistochemical reaction to E-selectin [26].
In conclusion, interstitial pneumonia in children,
especially in infant patients, is still the leading cause
of death in this age group. This problem is a challenge
for pediatricians due to the atypical clinical course
and the etiological factor that is difficult to determine. In turn, that’s also complicated issue for forensic medical experts and pathomorphologists – due to
its scant and often ambiguous morphological image,
making it difficult to determine the cause of death.
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