
1. INTRODUCTION. THE ROLE OF HOST DEFENCE IN 
RESPIRATORY INFECTIONS 

R. VAN FURTH 

In healthy individuals there is an equilibrium between the host and the micro
organisms in his environment, including those on the skin and mucous mem
branes. An infection occurs when the interaction between the host and these 
micro-organisms is disturbed (Fig. I). This equilibrium can be disturbed because 
the host comes into contact with potentially pathogenic micro-organisms to 
which he has not yet been exposed and against which he does not yet have 
sufficient resistance, or because the number of potentially pathogenic micro
organisms on the mucous membranes or in the air has increased, or because the 
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Fig. 1. Interaction between host and micro-organism. 

host's resistance has decreased. It must be kept in mind, however, that there is a 
difference between infection and contamination or colonization. An infection 
can be defined as a combination of reactions of the host to micro-organisms that 
have penetrated his body and multiply there. Here, the host plays an active role. 
Contamination or colonization concerns the presence ofliving micro-organisms 
on living tissue or dead material; thus, there is no reaction of the host to the 
(local) presence of micro-organisms. 

MICRO-ORGANISMS AND THE RESPIRATORY TRACT 

The respiratory tract is usually divided into the upper respiratory tract, which 
includes the nose, paranasal sinuses, middle ear, oral cavity, pharyngeal mucous 
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membranes, tonsils, epiglottis, and glottis, and the lower respiratory tract, which 
comprises the larynx, trachea, in bronchi, bronchioli, and alveoli. This dis
tinction is useful, because under normal conditions the lower respiratory tract 
below the glottis is sterile, whereas the mouth, nose, and oral cavity are colonized 
by micro-organisms. If the mucous membranes of the lower respiratory tract 
have undergone pathological changes (e.g., in chronic bronchitis) or the com
position of the mucus is abnormal (e.g., in mucoviscidosis) bacteria can be 
present on the mucous membranes without inducing inflammatory phenomena. 
Thus, colonization has occurred but not infection. This means that the presence 
of only micro-organisms in the sputum is not always an indication of infection, 
whereas when leukocytes are present as well, a (local) infection is probable if the 
clinical picture is consistent with this diagnosis. 

A wide variety of micro-organisms (viruses, bacteria, fungi, and protozoa) can 
colonize the upper respiratory tract and are potential pathogens. Micro
organisms which can be involved in respiratory infections are listed in Table 1. 

Table 1. Micro-organisms involved in respiratory infections. 

Bacteria 
Streptococcus pneumoniae 
Haemophilus influenzae 
Streptococcus pyogenes 
Branhamella catarrhalis 
Staphylococcus aureus 
Legionella pneumophila 
Mycoplasma pneumoniae 
Corynebacterium diphteriae 
Bordetella pertussis 

Klebsiella pneumoniae 
Escherichia coli 
Proteus species 
Pseudomonas species 

Mycobacterium tuberculosis 
Nocardia asteroides 

Bacteroides species 
Fusobacterium species 
Peptostreptococcus species 

Chlamydia psittaci 
Chlamydia trachomatis 

Viruses 
Adenovirus 

Coxsackie virus 
Echovirus 
Rhinovirus 

Corona virus 

Influenza virus 
Para-influenza virus 
Respiratory-synocytial virus 
Measles virus 
Mumps virus 

Cytomegalo virus 
Epstein-Barr virus 
Herpes simplex virus 
Varicella-zoster virus 

Reovirus 

Fungi 
Candida albicans 
Aspergillus fumigatus 

Protozoa 
Pneumocystis carinii 
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Infections occur when the host is exposed to 'new' micro-organisms against 
which he has no resistance (antibodies and/or cell-mediated immunity) or is 
exposed to very large numbers of 'old' micro-organisms for which his defence 
mechanisms are relatively inadequate, or when the host defence is decreased. 

HOST DEFENCE MECHANISMS OF THE RESPIRATORY TRACT 

The host possesses a number of mechanisms by which penetrating micro
organisms can be resisted. Usually, air contains about 100 micro-organisms per 
cubic metre. Inhaled particles larger than 15 pm settle on the nasal mucous 
membranes and the rear wall of the pharynx, particles smaller than 3 pm reach 
the alveoli. In first instance the non-immunological defence mechanisms attempt 
to eliminate the inhaled particles. Examples of disorders of these mechanisms 
(see Table 2) include abnormal ventilation (e.g., in emphesema, fibrosis), 
defective cilia function (e.g., in virus infections, Karthagener's syndrome), 
damaged or altered mucous membranes (e.g., chronic bronchitis, bronchiectasis, 
influenza and other viral infections, pollution), and abnormal mucus production 
(e.g. chronic bronchitis, mucoviscidosis). Under such condition') micro
organisms can proliferate locally, penetrate the mucous membrane and underly
ing tissues (e.g., in pneumococcal pneumonia), and spread, via the blood cir
culation or lymph stream, to other organs where they remain and multiply (e.g., in 
pneumococcal sepsis and meningitis). 

At the same time, the humoral and cellular immunological defence mechan
isms will attempt to inhibit the growth of the micro-organisms and to kill and 
eliminate them. Humoral factors on the surface of the mucous membrane play an 
important role in the prevention of infection after colonization. The most 

Table 2. Host defence mechanisms in the respiratory tract. 

Non-immunological 
Intact mucosal membranes 
Normal ventilation 
Adequate drainage 
Normal secretion and composition of mucus 
Normal ciliary function 
Lysozyme 
Interferon 

Immunological 
Normal synthesis of antibodies (secretory IgA; serum IgG and IgM) 
Normal complement system 
Normal numbers and functioning of granulocytes and pulmonary macrophages 
Normal cell-mediated immunity (T lymphocytes and pulmonary macrophages) 
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important of the humoral factors is secretory IgA (IgA-Sc). This immunoglo
bulin is produced locally in the mucous membrane and differs in structure from 
serum IgA, which is single immunoglobulin molecule, by having two IgA 
molecules with a J chain bound to the secretory component (Sc). Probably due to 
the presence of the secretory component, secretory IgA is better able to resist 
degradation by proteolytic enzymes. IgA-Sc does not have the same functions as 
serum immunoglobulins (IgG, IgA, and IgM), such as a bactericidal action, 
opsonization of micro-organisms, and complement activation via the classical 
pathway. IgA-Sc has a number of other important functions, for instance the 
prevention of adherence of bacteria to the mucous membranes, inhibition of the 
motility of bacteria, neutralization of viruses and toxins, and activation of the 
complement system via the alternative pathway. Because of these characteristics, 
secretory IgA has been called an antiseptic paint, since it forms a layer that 
protects mucous membranes against the adhesion and penetration of micro
organisms. Some bacteria (Streptococcus sanguis, Neisseria gonorrhoeae, and 
Neisseria meningitidis) have enzymes (called IgA proteases) which break down 
IgAl' and secretory IgA 1 . The functions of other immunoglobulins with an
tibody activity (IgM and IgG) and of the complement factors include the opsoni
zation and killing of bacteria and the neutralization of viruses. 

The cellular defence system is formed by granulocytes and alveolar macro
phages, which phagocytose opsonized micro-organisms and then kill and digest 
them. In some forms of infection such as tuberculosis and fungal infections, these 
phagocytosing cells do not eliminate micro-organisms adequately; only if the 
alveolar macrophages are stimulated by lymphokines synthesized by sensitized T 
lymphocytes (i.e., status of cell-mediated immunity) the macrophages can deal 
effectively with these micro-organisms. 

OCCURRENCE OF RESPIRATORY INFECTIONS 

It might be expected that as a result of improved socio-economic conditions and 
the availability of antimicrobial drugs and vaccines, the morbidity and mortality 
due to respiratory infections would have decreased. There are few statistical data 
on this point, but the figures in Tables 3 and 4 provide an impression. However, 
these data represent an underestimation of the actual incidence of respiratory 
infections because they refer only to hospitalized patients for whom the dia
gnosis was recorded. The number of patients with respiratory infections who are 
not admitted and who are seen and/or treated by a general practitioner or as out
patients by a specialist, is much higher. Death due to a respiratory infection must 
also be higher, because such infections are frequently the cause of death in 
patients suffering from another disease; in these cases the underlying disease is 
reported as the cause of death and not the secondary infection. 



Table 3. Morbidity due to respiratory infections in The Netherlands*. 

1971 1976 

Men Women Men Women 

Chronic sinusitis 1941 1465 2976 2312 
Pneumonia, bronchopneumonia and influenza 4154 2649 6417 4067 
Bronchitis 5059 3153 7239 4204 
Other diseases of the upper respiratory tract 3802 2309 5926 3751 
Other diseases of the lower respiratory tract 2606 1095 4583 1910 
Total 17562 10671 27141 16244 
Total (corrected) * * 27613 16778 30496 18252 

* Absolute numbers; based on data from the Foundation of Hospital Diagnosis Statistics (The 
Netherlands) 122 hospitals (64%) participated in 1971 and 174 (89%) in 1976; collected by the 
Central Bureau for Statistics of The Netherlands. 

** Linear extrapolation was used to include the other hospitals (100%). 

Table 4. Mortality due to respiratory infections in The Netherlands*. 

1971 1976 

Men Women Men Women 

Acute respiratory infections 76 54 62 58 
Influenza 136 188 550 636 
Pneumonia 1373 1281 1070 1116 
Other diseases of the upper respiratory tract 14 6 15 7 
Other diseases of the lower respiratory tract 330 198 282 142 
Total 1932 1727 1979 1959 

* Absolute numbers; based on data from the Central Bureau of Statistics of The Netherlands. 
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Respiratory infections still occur very frequently, and although treatment with 
antimicrobial drugs has had a favorable influence on the course of these in
fections, the mortality is still appreciable. Optimal diagnosis and treatment of 
these infections are therefore imperative. 

THE PRESENT VOLUME 

The following are some of the questions raised for the symposium on develop
ments in antibiotic treatment of respiratory infections in the hospital and general 
practice: What is the present pattern of antibiotic sensitivity to antimicrobial 
drugs? What is known about the pharmacokinetics of the oral and parenteral 
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antimicrobial drugs in use at present, and what is the degree of penetration of 
these drugs into lung tissue, mucus, sinus cavities and the middle ear? What is 
the significance of these levels for the treatment of respiratory infections? Which 
drugs should be used in the hospital and which in general practice? When is 
prophylactic treatment appropriate and which drugs should be used for this 
purpose? What are the side effects of antimicrobial treatment? 

This volume contains the introductory talks given at this symposium and the 
unabridged, largely unedited discussions of the papers. 


