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1. INTRODUCTION

A meeting to review and evaluate diagneostic techniques in bacterial lower respiratory
tract infections was held in Helsinki, Finland, from 30-31 March 1987, The meeting was
sponsored by the Nationmal Public Health Instlitute of Finland, in collaboration with the World
Health Organization (WHO). It took as its starting point material contained in the document,
"Rapid Diagnosis in Acute Bacterial Respiratory Infections" Report of a WHO meeting, Geneva,
10-12 February 1981 (WHO/BAC/ARI/81.5).

2. PRESENT SITUATION OF ETTOLOGICAL DTIAGNOSIS OF BACTERIAL LOWER RESPIRATORY
INFECTLONS IN CHILDREN

Acute respiratory infections (ARI) are a leading cause of morbidity in all age groups
worldwide. In the developing werld they are alse a major cause of mortality, especially in
children under age 5. In many countries, they are the most common single cause of death in
this age group and are also the chief reason for paediatric outpatient visits and
hospitalizations {1).

Because of the enormous global impact of acute lower respiratory infections (ALRIL), the
World Health Organization has developed & programme for control and eventually for
prevention, TFirvst priority has been assigned to the problem of high mortality among young
ehildren in the Least developed countries - those with high infant meortality rates. Based on
data from lung punctures carried out among hospitalized children who had not received
antibioties in seven countries (Brazil, Chile, Gambia, India, Nigeria, Papua New Guinea and
the Philippines), it appears that bacteria, mainly Streptococcus pneumoniae (PNC) and
Haemophilus influenzae (Hi) ave involved in 60% of cases of pneumonia (2).

In view of thesae findings, the strategy adopted by WHO recommends use of firvrst—-line
antibiotics, penicillin, cotrimoxazole or amoxyeillin, in ¢hildren with moderate-severe lower
respiratory tract infection.

It was clear in making these recommendations that the cases In which lung punctures were
performed represented a selected group. However, these cases, in addition to those children
in whom blood culture was positive were the only ones in which a firm bactericleogic diagnosis
was possible. The recommendation for case management was based on the best data available,
but it was reslized that there was a technologic gap in identifying etioleogy in the great
majority of cases of moderate—severe lower resplratory tract infection. Simply stated, the
diagnostic problem in children, in whem sputum cannot be obtalned is as follows:

a8+ Qro- ot nasopharyngeal cultures are frequently positive for potentially pathogenic
bacteria among c¢hildren., Nasopharyngeal carriage of PNC in young children 1s over 907 in
developing countries (3,4) and less than 50% in industyrialized countries (5,6). The
corresponding figures for Hi type b (Hib) are 20% and <5%, respectively (4,7,8,9). These
results are in marked centrast to those In adults, whose carriage rate for PNC and HL i1s
much lower. Thus the presence of these potentlally pathogenic bacteria, in throat
secretions, while important for epidemicologic purposes, 1g not useful for making a
diagnosis.

B. Other types of cultures from the respiratory tract are also subject to problems of
contamination with bacteria being carried, or may not be aeceptably safe for general use.

©¢. Blogd cultuves are positive in only a minerity of cases of bacterial pneumonias in
childreno not on antibiotics and are infrequently positive when children have received
antibiotics.

d. Lung punctures, which are the closest to a "gold standard" for defining the etiology of
lower respiratory disease are not indicated for clinical management la most cases,
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An attractive answer to this problem would be to identify the pathogen
through detection of antigens in the serum or urine. Optimally, the concentration of antigon
present would indicate that the organism is causing disease, not simply mucosal carriage.
This approach has the added advantage of heing potentially applicable when antibiotics have

been administered. However, up to the present no single antigen detection procedure has been
entirely satisfactory, and other methods for diagnosis of infection need to be considered: as
well.

b
|
L

Other hactevia sugfested . to be causative agents of lower ARI in young children after ﬁhe
nannatal period include Staphylococcus aureus, Branhamella catarrhalis, Bordetella pertusﬁia,
Mycoplasma pneumeniae and Chlamydia spp. (C.trachematis, C.psittaci, C.TWAR). The propurtion
of ARL cases caused by these agents is in general relatively low, However, the abiliry of
M.pneumoniae, Chlamydia TWAR and B.pertussis to cause occaslonal outbreaks, makes their rales
as causatlive agents of AR more significant during such periods. These 3 agents do not
frequently colonize the nasopharynx of healthy young children and thus the etislogical !
diagnoals can be based on the detection of these agents in samples collected., from this site
or on the demonstration of antibody response to these agents during infection (10}, Tt |
should be noted however that M.pneumoniae can be detected in throat secretions of 10 to 15%
of healthy school-age children. - j

!
!

The group decided to focus an the problem of ARI in children under age 5, in line with .
the priorities establizhed by WHO. 1t declded to concentrate on diagnosis of disease cauded
hy 2 orpganisms, Streptococcus pneumonise and Haemophilus influenzae, which appear most t
important in this problem., For this reasen the problems of diagnosis of tuberculosis and:
haemolytic streptocoeel Infection were excluded from consideration as were the speclal {isdues
concerning ¢titls media. The test methodeologies for antigen detection were similar to thaose
reviewed In document WHO/BAC/ARI/81.53, the report of the 1981 meeting. Additional tests 2uch
as C-reactive protein (CRP) and detection of antibody were newly c¢onsidered. Throughout £t
was realized that there are two purpeses for these tests, and that selection of specific |
terts may not be the same for hoth.

v

#. Diagnosis in the individual case, in which situation rapid establishment of the diagndsis
by a test that is highly sensitive, easily performed, robust and Inexpensive, may havd a
role in de¢iding on therapy. !

!

b. Epidemiologic research, in which case the tests should be both sensitive and specifie,
whereas low cost, ease of performance and stability of reagents, while decirable, are .of
lower priority. ;

;
The group recognized the importance of diagnostic tests for both situations hut foLusad
mainly on the second need.

1. METHODS™ o

3.1 Antigen detection

Most antlgen detection methods for diagnesis of disease caused hy PNC or Hib are hased on
the demoastration of capsular polysaccharides, PNC bas 83 different capsular types and most
antlgen detection tests utilize PNC omniserum reactive with all different capsular
polysaccharides. Most PNC types have, however, a common cell wall polysaccharide,
C-polysaccharide (C-PS). Recently an enzyme-immunoassay (EIA) for the demonstrationm of C-P§
in sputum samples has been developed. Detection of C-P§5 is theoretically an attractive
method slince it would apply to all PNC types. However, the C-P5 does not seem to he excrdtad
in the urine at the same frequency as the type—specific polysaccharides. An antigen closely
similar or identical to C~P5 has been demonstrated in some strains of Streptococcus mitior

{11},

*
For technical details of the metheds referred to in the text, see e.g., Leinonen, M. ! .
Serological metheds for the study of bacterial surface antigen, pp. 179-206, In: :

Entercbacterial surface antigens: methods for molecular characterization. (1.K. Korhoned
E.A. Dawes and P.H. Makela, eds.) FElsevier Science Publishers, 1985,
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There are 6 capsular types of Hi. In addition uon-typable strains have increasingly been
racognized as a cavse of various diseases (l12). Thase non-typable strains have been isolated
from lung puncture specimens and blood cultures of children with pneumonia. In the Gambia
most isolates have been types & or b, but in Papuz New Guinea approximately half of the
isolates have been anon~typable (13,14).

Polysaccharides have a number of properties which make them potentially useful for
antigen detection, but possible variation in prevalent serotypes will need to be taken into
account when developing tests based on detection of capsular polysaccharide antigen, During
invasive infection, they can be detected in several body fluids, including serum and urine.
In addition they may vemain detectable for long periods becauge they are not degraded by
human enzymes. Most polysaccharides are relatively resistent to boiling and thus they can
be released from immunocomplexes by heating of the sample briefly in a boiling water bath.
The bolling alse decreases false=-positive reagtions that are frequently zeen when testing
urine specimens.

At present, antigen detection methods for the demonstration of other surface components
of PNC or Hi, besides polysaecharides, are not available. Such technidques will probably be
required for detection of infections due to untypable strains of the agents, especially
uneacapsulated Hi,

3.1.1 Samples useful for antigen detection

3.1.1.1 Urine

Because urine samples are easily obtained from 21l patients, they have been widely used
for the demonstration of PNC and Hib antigens. It has been shown in  several studies that
detection of Hik antigen in urioe by different immunochemical methode ic = sensitive and
specific assay for the etiological diagnesis of Hib meningitis (15,16). However, fewer
data are availasble on the sensitivity or specificity of 1Hib antigen tests far diagnosis of
syatemic diseases not involving the central nervous svstem. Also the demonstration of
PNC antigens has been less successful than detectiom of Hib antigen: for the former both
[alse-positive and false-negative results are seen more frequently (17).

Urine samples are often contaminated with bacteria present in the genital traet or other
sites and these bacteria may grow during transportation or storage of urine samples. Methods
of preventing contamination of the urine or
the possible degradation or neutralization of capsular polysaccharides during
freez2ing and storage have not been developed or evaluated at present.

To fmcrease sensitivity, most authorltles agree that urine samples should be concentrated
> to 10-iold prior te testing by countercurrent immuno-electrophoresis (1i8). However, this
procedure needs to be evaluated for coagglutination antigen tests. Conceivably,
concentration of urine may result in & falge~negative result from either antigen excess
(i.e., prozone phenomenon)} or an increased ¢oncenfration of an inhikitor. Therefore, for
coagglutination tests it may be preferable to dilute the samples.

3.1.1.2 BSerum

Serum taken in the acute phase of the disease may be a good source of PNC and Hib
antigen, False positive results can result from rheumatold factor or other agglutinating
substances (13). But these can be largely avolded by diluting the specimen in a buffer
contalning a reducing agent and/or by boiling the serum sample (5 min, diluted l:4 in saline)
prioy Lo testing.

3.1.1.3 Nasopharyngeal aspirates

Nasopharyngeal aspirates obtained from children by suction are ideal specimens for the
demonstration of viruses by culture or antigen detection,
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Unfortunately, the high nasopharyngeal carriage rates of PNC and Hi in ¢hildren, especially

in developing countries, greatly lowers the value of the demonstration of these bhacterla by
culture or antigen detection as a diagnostic tool in individual patieats,

3.2 Demonstration of antibody response during ongoing infection

Moust commonly used antibody assays for PNC and Hib measure antibodies to capsular
polysaccharides. Antibody assays for PNC capsular polysaccharides have heen successgfully
uzed for the etiological diagnosis of pneumonia in adults (19). Unfortunately, children less
than 2 years old respond very poorly to most polysaccharides and thus these antlbody assays
are not helpful for the serological diagnosis of most PNC and Hib infections in children
(20,21). AL present, antibody assays for proteln antigeos of PNC and Hib might prove to be
an attractive alternative. An antibody test to poeumolysin has recently been developed with
promiszing resaules 1n adults (22). However, no other assays based on proteln antigens are
vet avallable,

3.3 QOther meihods

The quantitative determination of an acute phase protein, C-reactlve protein, has been
shown to be a helpful method (better than white blood cell count or erythrocyte sedimentation
rate) for differentiation of bacterial pneumonias from theose caused by viruses or Mycoplasma
prneumoniae ia adult patients (19,23). At present, the value of C-veactive protein in the
differential diagnosis of ARI in children has not yet been evaluated. Studies on patients
with meningitis or other defined infections suggest that it might be useful (24). It might
however he of less value in developing countries where other Infections, which may elevate
the CRP, are widely prevalent.

4. RECOMMENDATIONS FOR STUDYING THE BACTERIOLOGICAL ETTIOLOGY OF ALRI IN CHILDREN

4,1 VPatient samples to be used for the demonstration of main
pathogens In field studies

4.1.1 WBlood

Blood samples should be taken from every patient in the acute phase of the disease. 1In
addition, obtalning a convalescent bloed sample about 3 to 6 weeks later is highly
recommended. Agute blood samples should be used for blood culture, for demonstration of PNC
and Hib (and Hia) antigens, and for quantitative determination of CRP. In selected patlents,
antibody titres to Chlamydia trachomatis, or Mycoplasma pneumoniase may be helpful. Paired
sera are recommended for demonstration of antibody responses to specific etiological agents.

4,1.2 VUrince

Urine speclmeny can be taken from ARI patients and used for the demonstration of Hib and
PNC antigens. At pregent, the problems with false—positive and false-negative results,
especially in the demonstration of PNC antigens, have not been solved. False—negative
results may be a consequenge of insensitivicy of certain tests, especlally for certain
poeumococcal serotype antigens, ot the degradation of polysaccharides in the urine, or the
inhibitory effect of urine on the demonstration of antigens. False-positive results can he
caused by the gontamination of urine with cross reacting bacteria, or as recently reported
from Gambla by nasopharyngeal carriage of the arganism. This latter process requires further
study, especlally to determine whaether nasopharyngeal coleonization with Hib would also yleld
detectable amounts of Hib polysaccharide im urine.  Thus, further evaluation of antigen
detection in the urine in ARI patients and relevant contrels is needed before final
recommendations ¢an he made,
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4,1.3 Nasopharyngeal aspirates

Demonstration of PNC and Hib by culture or antigen detection from nasopharyngeal
aspirates samples should not be used for the etlological diagnosis of ARI in children.
Howaver, nasopharyngeal aspirates samples can be used for carriage studies (both culture and
antigen detection),

4.1.4 lung aspirates and pleural fluids

When lung aspirates are available, the results of all other diagnostic methods should be
compared to the culture findings of lung aspirates, Pleural fluid samples should be taken
for bacterial culture and antigen detection whenever possible.

4.2 Antigen detection

Controls (both "positive" and "negative") should be run in every test. The concentration
of antigen in the positive countrol should be adjusted to reflect concentrations present in
low titre samples from patients with disease. Particular danger is over—-reading of weak
reagtions, both in agglutination and CIE tests. It ig advisable to boll all samples (also
serum in 1:4 dilution) befere testing. PNC types 7F and 14, that are frequent causes of
infection, cannot he detected by counterimmuncelectrophoresis (25). For detection of Hib
antigens agglutination tests are more sensitive than CI¥ but the former are more subjective
and may be less specific. Agglutination tests are recommended for detection of Hib antigens
in individual patients. The relative werits of counterimmuncelectrophoresis and
agglutination tests when used with specially coanstructed antiserum pools (see below) for
detection of PNC antigen in patient specimens require further evaluation. For
epidemiological studies more specific, objective and gquantitative methods like
enzymeimmunoassay and radioimmunoassay should be developed. At present, a commercial
enzymelmmunoassay test Is only available for PNC C-polysacchoride.

4,3 Reagents available
Commercial reagents are available For
- PNC: Omniserum based reagents:
- senslitivity for diffevent capsular polysaccharides variable
- PNC: C(-P5 by enzymeimmunoassav:
— speclal handling of specimens (serum and urine) possibly  needed
- Hib: specificz, sensitive agglutination tests available
- Hia: antiserum available — no standardized agglutination test

reagents available.

3. FUTURE DEVELOPMENT

3.1 Resgent development

- PNC - A dlagnostic ARI antisevum pool is needed: this pool should he limiced to
those types common in children in developing countries; additionally it should be
of increased sensitivity compared with presently avallable omniserum to certain
types, espaclally to types 6 and 23,
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Enzymeimmuncassays for capsular polysaccharides of PNC and Hi are urgently needed
Hia reagents need to be developed

Reagents for meagurement of antibody response to PNC-~pneumolysin sre needed as
another possible means of diagnosing PNC infection,

3.2 Subjects on which more information is needed

stahlility of bacterial antigens during the transport and storage of clinigal
specinens

reazons for falgse-positive and false-negative PNC antigen assays In urine and serum

comparison of antipgen detection by particle agglutination using acute serum and
urine

serologic methods based on outer membrane proteins and possibly other antigens.
This may have gpecial relevance to non—typable stralos of Hi

influence of upper respiratory tract colonization or infection on the

detection of PNC and Hib antigen in body flulds, especially urine

other diagnostic methods (antigen detectlon, antibody response, quantitative
determination of CEP) should be evaluated in patlents with positive culture finding
from lung aspirate or bloed

PNC types which most freguently cause pneumonia among children in developlog
countries should be identified and specific diagnostic antiserum pools for these

types should be used for etiologlcal assays

methods for the rapid demonstration of M,pneumoniae and chlamydia should be
developed

relative frequency of PNC aud Hi serotypes as causes of disease in urban and rural
areas of developlng countries,

7.3 Follow—up meeting

A follow-up meeting with representatives from developing countries should be arranged in
the near future to discuss priorities and metheds for evaluation of varlous dlagnestic
methodologies. '
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