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I Introduction

The term and concept of atypical pneumonia appeared in the 1940s following ob-
servations of penicillin-resistant pneumonia [1]. Despite the identification of a large
number of microorganisms, the challenge of isolating so-called ‘atypical’ bacteria is
the principal cause of failure of the etiologic diagnosis of pneumonia. These patho-
genic agents in the tracheobronchial tree include a large variety of bacteria, viruses

Table 1. Advantages and disadvantages of the different microbiologic diagnostic examinations

Examination Advantages Disadvantages

l Chest x-ray Distinction pneumonia/bronchitis  Cost

I Blood culture Good specificity for S. pneumoniae Poor sensitivity

Il Direct Gram stain Rapidity; isolation of the Does not provide the type of
predominant pathogen microorganism

0 Cell culture Specificity; isolation and 24 to 72 hours, variable sensitivity

identification of the strain;
antibiotic profile

Antigen tests

— immunofluorescence detection Rapidity, very good specificity Subjective reading,

— ELISA and related automation Sensitivity =80%
Specificity =95%
Confirmation test necessary

I Antigen detection Very good specificity Specific to Legionella pneumophila
Urinary Legionella
Il Antigen detection Very good specificity Rare pathogen

Urinary Histoplasma

Molecular tests
I Simple hybridization PCR Automation, sensitivity and Sensitivity and specificity = ELISA
specificity Sensitivity to enzyme inhibitors
(false negatives)
Contamination problems,
Cumbersome technique

l Suicide PCR Very good sensitivity, Cost, Cumbersome technique
specificity = 100%
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and even protozoa. Among atypical bacteria, Chlamydia pneumoniae, Mycoplasma
pneumoniae, Legionella pneumoniae, Bordetella pertussis, and Coxiella burnetii are
the most widespread. Numerous other bacteria are emerging pathogenic species
whose virulence is currently being evaluated. Clinical examination only provides a
diagnostic orientation in a restricted number of cases. The availability of rapid and
specific microbiologic examination improves the diagnostic performance for this
type of pneumonia (Table 1) [2]. Since most of these bacteria are intracellular, di-
agnosis is based principally on serology.

I Microbiologic Techniques for Specific Diagnosis

Sampling

The contribution of bronchoalveolar lavage (BAL) in the diagnosis of pulmonary
infection has been clearly demonstrated [3]. However, this technique is reserved for
the diagnosis of pneumonia in ventilated patients.

Direct Diagnosis

Direct Examination. Gram-staining has not been assessed for pneumonia caused by
atypical bacteria. No direct technique is adequate for direct examination of strict
or facultative Gram-negative intracellular bacteria. The weakness of this examina-
tion is its very low sensitivity and specificity. Moreover, there is no kit available to
detect atypical bacteria, nor those bacteria whose pathogenic roles are beginning to
be understood.

Sample Culture. Culturing the pathogenic bacteria remains the method of choice
since it provides a microbiologic diagnosis with certainty. However, its relevance
depends on the nature of the samples (tracheal aspiration, BAL, pleural liquid, lung
biopsy) and the moment they are harvested (immediately following the onset of
symptoms and before any antibiotic). Since its isolation is difficult, an atypical bac-
teria requires specific isolation media. Legionella require BCYE agar, which is
sometimes made selective by the addition of antibiotics and/or antifungals. If these
antibiotics are ineffective on common bacteria, the samples are treated by acidifica-
tion (pH 2) and thermal shock before being cultured. The specificity of a culture
performed in this manner is 100% and its sensitivity ranges from 50 to 80%. How-
ever, the results are not available before two to three days, and they can be delayed
until two to three weeks for some other organisms such as M. pneumoniae. Identifi-
cation and differentiation of colonies depends on their cultural, biochemical, and
enzymatic characteristics as well as their antigenic characteristics in direct immu-
nofluorescence or by agglutination with specific immunserums. The association of
these different elements is sometimes not sufficiently discriminating to provide
identification of the species. Molecular biology is an innovative tool [4]. Identifica-
tion of the etiologic agent is particularly important in the perspective of an epide-
miologic investigation.

Examination of Samples by Direct Immunofluorescence. Observation by direct immu-
nofluorescence with polyvalent or monovalent conjugates provides a rapid diagno-
sis. Strict or facultative Gram-negative intracellular bacteria appear as small bacilli.
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The sensitivity of direct immunofluorescence is still unknown and varies from 25
to 70% [5]. Although there are cross reactions, its specificity is approximately 95%.

Detection of Soluble Antigens. Another method for the rapid diagnosis of atypical
pneumonia is the detection of soluble antigens in urine, like for L. pneumophila
serogroup 1. The immunoenzymatic (enzyme-like immunosorbent assay [ELISA])
or radioimmunologic methods use polyclonal antibodies. The sensitivity of this test
for the detection of L. pneumophila serogroup 1 ranges from 60 to 80% with a
100% specificity [6, 7]. On the other hand, there is no test that can detect all of the
L. pneumophila serogroups or all Legionella species.

Indirect Diagnosis

Serologic Diagnosis. Indirect immunofluorescence is still the method of reference.
While it is not useful in the acute phase, indirect immunofluorescence provides a
retrospective diagnosis. A serum sequence is essential to record the increase in an-
tibodies. This usually appears one week after the beginning of the illness, but can
sometimes be much later (1 to 9 weeks). A variation of two dilutions between early
serum and late serum with a count of >1/128 for the late serum is sufficient for a
diagnosis in the case of L. pneumophila serogroup 1 antibodies. Likewise, the asso-
ciation for M. pneumoniae of an antibody titer of >1/64 and cold agglutinins of
>1/64 provides a diagnosis. According to the literature, the sensitivity of indirect
immunofluorescence ranges from 67 to 90% [8]. Numerous crossed reactions have
been described with different species (mycobacteria, leptospires, Chlamydia, Myco-
plasma, Citrobacter, Campylobacter, Coxiella burnetii) [8] as well as between the
different serogroups and species of Legionella [8]. However, the specificity of im-
munofluorescence remains good since it ranges from 75 to 99% [8].

I Atypical Bacteria with Known Pathogenic Properties

Mycoplasma pneumoniae and Chlamydia pneumoniae

Mycoplasmas are bacteria without walls. This characteristic gives them an extreme
plasticity and fragility in an external medium. They are resistant to beta-lactams
and their size (inferior to 300 nm) allows them to go through antibacterial filters.
The prevalence of M. pneumoniae pneumonia in adults ranges from 1.9 to 30%
in the form of necrotizing pneumonia or pleural effusions [9]. Beginning in 1938, a
series of cases described atypical pneumonia as characterized by pneumonia with a
prolonged duration, no reaction to treatment with penicillin, and non-specific ra-
diological images [10]. The chest X-ray shows either a non-systematized alveolar
syndrome or systematized opacities. The inferior lobes are affected more often than
the superior. The patient’s immunological condition plays a role in the acquisition
of a M. pneumoniae pneumonia. Thus, an examination of the BAL fluid of a group
of immunosuppressed patients with pleural effusions in the ICU led to the isolation
of this bacterium in 5% of the cases [11]. A serologic examination of two sera
sampled at a 10-to-14-day interval is the most common diagnostic method used.
However, the diagnosis can be hampered by cross reactions between M. pneumo-
niae and other commensal mycoplasms among the oropharyngeal florae. There are
different opinions on this issue in the literature: a cause of error for some authors
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[12], a negligible parameter for others [13]. At present, the IgA ELISA tests have a
sensitivity of 86 to 100% and a specificity of 100% for the serologic diagnosis of
acute M. pneumoniae infection [14].

Chlamydiae are limited by a cytoplasmic membrane and a wall that is compar-
able to that of Gram-negative bacteria, made up of both an internal and external
membrane containing lipopolysaccharides (LPSs) and protein-linked penicillins
(PLPs) [15]. They are strict intracellular organisms whose development cycle can
be divided into several stages (Fig. 1).

Under certain conditions, the development cycle is altered. There is a delay in
the maturation of the reticulate body and an inhibition of infectious elementary
body differentiation which is expressed by a persistence of aberrant forms in the
host cell. The bacterium is viable but not cultivatable. A parallel can be made with
viral latency. C. pneumonia is transmitted through the air. It is responsible for both
upper and lower respiratory infections but no symptom is specific. The radiological
findings are minor but show extensive bilateral pneumonia with, sometimes, pleural
effusion. In adults with chronic bronchitis, immunosuppressed patients, or the
elderly, C. pneumoniae can cause severe infections. However, the pathogenic role of
this bacteria is now challenged [16].
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Fig. 1. Development cycle of Chlamydia [21].

1 Attachment and ingestion of elementary bodies (EB) in a vacuole; 2 transformation of EB into reticu-
lated bodies (RB); 3 fusion of vacuoles; 4 appearance of neoformed EB; 5 maturation of EB; 6 cell lysis;
productive infection; 7 aberrant bodies: persistent infection, antibiotics, nutriment depletion, interferon-y
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Rapid and precise diagnostic tests for M. pneumoniae and C. pneumoniae are
not currently available: culture isolation of these bacteria requires the collection of
cells by scraping the mucous membranes, then rapid transport at a stable tempera-
ture (+4°C). Amplification techniques have been improved [17]. The most studied
and widely used is the polymerase chain reaction (PCR) [18]. Values superior to
98% have been described in terms of specificity. On the other hand, these tests do
not improve sensitivity vis-a-vis culture. Serodiagnosis of M. pneumoniae and C.
pneumoniae is difficult to interpret because seroprevalence is high in the popula-
tion. Approximately 75% of subjects have anti-C. pneumoniae antibodies and there
are cross reactions with C. trachomatis and C. psittasi in 50% of the cases [19].
Thus, when the etiologic and epidemiologic data and the seroconversion threshold
are available, they help in the careful interpretation of the microbiologic results
[20].

Coxiella burnetii

Coxiella burnetii is a strict intracellular microorganism with a wall that is similar to
Gram-negative bacteria but with particular properties. C. burnetii proliferates in low
pH phagolysosomes. It appears in two forms, one of which is a resistant form resem-
bling a spore with considerable virulence. In aerosol form, this bacteria can be patho-
genic at a concentration of one colony forming unit (cfu). Contamination is essen-
tially respiratory and its incidence is probably underestimated. A retrospective study
that included 22 s496 sera was performed between 1982 and 1990 at the Centre Na-
tional Francais de Référence des Rickettsies (French Rickettsia Reference Center). Ser-
ologic observation by indirect immunofluorescence was also performed in 1988 on
924 blood-donor sera. The seroprevalence was 4%. The incidence recorded during
this 9-year period was 0.58 per 100000 inhabitants [21]. C. burnetii causes Q fever,
a polymorphic disease (Q from the word ‘query’) [22, 23]. Infections in man are es-
sentially contracted through the air and by inhaling aerosols in contact with mam-
mals. Current major epidemics are principally linked with livestock [24, 25]. Dissem-
ination by the wind of infected dust is possible making it difficult to confirm animal
contact. Q fever is a disease that is more frequently diagnosed, and more severe, in
men than in women [26]. Indeed, the sex ratio of 323 patients admitted to hospitals
in France with a diagnosis of Q fever between 1982 and 1990 was 2.5/1 [21]. However,
systematic research for antibodies directed against C. burnetii in the sera of 942 blood
donors in the same country revealed a sex ratio of 1/1. Sex hormones, especially es-
tradiol, are said to play a protective role in the development of the disease [27].
From a clinical standpoint, Q fever is extremely polymorphic - this disease can
appear in both chronic and acute forms. Diagnosis can only be made by systematic
serology. The mean duration of incubation is 20 days but can reach two months,
thereby confusing the epidemiologic data [24]. Schematically, there are three forms
of acute Q fever which are shown in Figure 2: self-limited flu-like syndrome, hepa-
titis, and pneumonia. Pulmonary symptoms were the origin of the description of
the disease [28]. Most cases are asymptomatic or benign, characterized by a non-
productive cough, fever, and minimal auscultatory abnormalities. In certain cases,
pulmonary symptoms can be severe with major hypoxemia or acute respiratory dis-
tress syndrome (ARDS) [29]. Hemoptysis can be observed. Chest X-ray reveals
nonspecific images of interstitial pneumonia, or, sometimes, an acute lobular pneu-
monia. The images initially appear in the hilus and are most often located in the
inferior lobes [30]. The duration of symptoms ranges from 10 to 90 days and the
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Fever

Elevation of hepatic Pulmonary
enzymes 69 % symptoms 45 %

Fig. 2. Relative importance of the three principal clinical forms of Q fever. From [30] with permission

mortality rate is from 0.5 to 1.5% [21]. Standard biological examinations are non-
specific: the absence of hyperleukocytosis and thrombopenia is of interest. The spe-
cific diagnosis is principally based on serology by indirect immunofluorescence.

Treatment requires the use of antibiotics that are active in the specific conditions
of growth of this microorganism. Indeed, the proliferation of C. burnetii in an acid
pH phagolysosome can explain the potential resistance to antibiotics [31, 32]. Beta-
lactams cannot concentrate in such cells, aminoglycosides are inactive in acid pH
and macrolids are effective in basic pH. Moreover, none of the antibiotics that are
active against C. burnetii (rifampicin, cotrimoxazole, tetracyclines, clarithromycin
and fluoroquinolones) is bactericidal [33]. The prognosis of acute Q fever is usually
spontaneously favorable with these bacteriostatic antibiotics [34]. On the other
hand, for chronic forms such as endocarditis, bacteriostatic antibiotics control the
disease but cannot cure it [35]. Maurin et al. [36] hypothesized that the absence of
bactericidal activity of antibiotics against C. burnetii was due to their inactivation
by the acid pH in phagolysosomes. By adding a lysosomotropic alkalinizing mole-
cule, hydroxychloroquine, to fluoroquinolones and doxycycline, the authors suc-
ceeded in restoring the bactericidal activity of these molecules [36, 37].

Legionella and Legionellosis

Bacteriology. There are 43 different species in the Legionellaceae family including 19
with pathogenic powers. Legionella are facultative intracellular bacteria. After pene-
trating the cell hosts, they block phagosome activity and phagolysosomal fusion.
This mechanism enables the proliferation of Legionella in the phagosome until cel-
lular lysis is triggered.

Legionella are aquatic bacteria that can be found in numerous tanks and fresh-
water sources that are warm or hot (40 to 60 °C). Legionella are not often found in
cold-water pipes (temperature below 20°C). They are abundant in water-air inter-
faces such as siphons, ventilators, and especially mixing faucets and shower heads
[38]. In buildings, hotels, and hospitals, 60 to 70% of the samples taken from taps



Acute Pneumonia and Importance of Atypical Bacteria

are positive [39]. Another essential element in the development of Legionella is
their presence in the biofilms of water distribution systems [38]. Finally, the rela-
tionships of Legionella with other microorganisms in aquatic media are an essen-
tial element of their survival and cast light on the particular epidemiology of legio-
nellosis. The host-parasite relationships with protozoa observed by Rowbotham
[40] beginning in 1980 now appear to be fundamental in the pathogenesis and epi-
demiology of Legionella [41]. Legionella are capable of entering and proliferating
in numerous amoebic species. They are found in the phagolysosomal vacuoles ac-
cording to a process that is in every respect comparable with that observed in in-
fected human macrophages [42]. They survive in amoeba in vitro between 0 and
45°C. The actively proliferate at 35°C in vacuoles and trigger lysis in amoeba cells.
The result is bacterial culturing of the environmental medium. Legionella survive
also in amoebic cysts. Cysts are extremely resistant entities which protect amoebas
when environmental conditions are unfavorable. The Legionella obtained in co-cul-
ture preserve their virulence for the experimental subject.

Epidemiology. Legionellosis is a disease linked to our urban civilization. The risk
factors are age (>50 years), male, smoker, alcohol, diabetes, and immunosuppres-
sion [5]. The mode of transmission is usually inhalation of infectious aerosols due
to air conditioning systems, contaminated shower heads, and respiratory device
nebulizers and humidifiers [43]. Cases of legionellosis have also been reported after
drowning [44] and after the use of bronchoscopes rinsed with tap water [45]. The
extrapulmonary mode of transmission for legionellosis (especially endocarditis on
a prosthetic valve) is the contamination of surgical wound by infected water [4]. In-
terhuman contamination has not yet been reported. The incidence and prevalence
of legionellosis, including nosocomial cases, are certainly underestimated. Legionel-
la are the origin of 1 to 37% of hospitalized cases of pneumonia [46]. The inci-
dence of Legionella (15% vs 7%, p<0.05) is significantly larger in intubated pa-
tients. Legionella cause 0 to 47% of nosocomial pneumonia, particularly in im-
munosuppressed patients [47].

Clinical Signs (Table 2). The clinical signs are not specific to the disease. Legionella
is frequently responsible for severe community-acquired pneumonia [46], requiring
intensive care. After two to ten days of incubation, patients present with high fever
(>39°C) and bradycardia. In addition, there are symptoms such as watery diarrhea
(20 to 40% of the cases) and neurological signs with confusion. The neurological
forms [48] are the signs of encephalic involvement, probably due to a toxin. Cardi-
ac injury is usually located in the pericardium. Endocarditis on valve prostheses
has been confirmed by culture [49]. Direct involvement of the digestive tube is in
the form of peritonitis or necrotizing colitis. Classic liver lesions are due to the tox-
in. Renal involvement, observed in 50% of legionellosis cases, is shown by protein-
uria and transitory hematuria. In 13% of the patients, acute renal failure secondary
to rhabdomyolysis can appear. Similarly, signs on chest X ray are observed in 90%
of the cases, and do not distinguish Legionella pneumonia except for their rapid
aggravation, especially under inappropriate antibiotics. Nonspecific biological
anomalies are observed during systemic involvement. Biological alteration that is
more characteristic of legionellosis is hypophosphatemia. However, neither hypo-
phosphatemia, nor hyponatremia, nor elevated transaminases alone constitute a
specific diagnostic criterion. Their association with other symptoms could cause
one to suspect legionellosis.
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Diagnosis. In its classic form, legionellosis is characterized by a febrile pneumonia,
watery bloodless diarrhea and confusion (Table 2). Resistance to treatment by beta-
lactams and bradycardia are also good orientation elements [50]. The existence of
five to 10% mixed infections makes clinical diagnosis difficult and requires a bac-
teriological diagnosis. Bacteriological diagnosis of legionellosis is difficult. The cul-
ture has a specificity of 100% but a sensitivity of 50 to 80% after a growth period
of at least two or three days. Observation by direct immunofluorescence with con-
jugates provides a rapid diagnosis - Legionella appears as small bacilli. The sensi-
tivity of this examination is poorly known: 25 to 75% of the positive cultures have
a positive direct immunofluorescence [8]. Detection of the urinary antigens of Le-
gionella pneumophila serogroup 1 is considered as a specific, rapid and confirmed
diagnosis. Urinary antigens are detected from the first days of the infection and up
to 60 days later, as after appropriate antibiotics [9]. However, serology remains the
most frequent means to diagnose legionellosis even though it is often late or even
retrospective.

Even though it is a major cause of pneumonia, legionellosis is still underesti-
mated. The combined use of urinary antigen test and cultures improves the diagno-
sis. PCR is a promising tool but standardized test kits are not available. The devel-
opment of both antigen urinary tests that detect a larger number of Legionella spe-
cies and standardized PCR methods could make up this current shortcoming.

The bactericidal antibiotics are rifampicin, macrolides, fluoroquinolones, and
aminoglycosides. Antibiotic treatment of legionellosis produced by infected aerosols
in experimental subjects has confirmed the excellent in vivo efficacy of these antibi-
otics [51]. The duration of treatment must be 15 days [51].

Table 2. Frequency (in percentage) of clinical and biological signs during legionellosis [52]

Clinical and physical signs Biological signs

U Fever

>39°C 90 Leukocytes >10000/mm> 45
>40°C 50

I Cough 80-100 Hyponatremia 68
1 Chills 75

I Expectoration 50 Hypophosphoremia 51
I Dyspnea 54-94 Increase in enzymes

Il Thoracic pain 25-33 LDH 45
U Diarrhea 50 ASAT 65
I Nausea, vomiting 25 Alcaline phosphatase 62
I Abdominal pain 15-23 Hyperbilirubinemia 15
Il Cephalgia 41-71 Proteinuria 50
I Confusion 30-40 Hematuria 50
I Myalgia 14-83

Il Bradycardia 60

Il Rales 80

I Dullness on percussion  80-100
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I Conclusion

The diagnosis of pulmonary infection caused by Mycoplasma and Chlamydia pneu-
moniae, Coxiella burnetii, and different species of Legionella, is often long and
challenging although they are the major etiologic agents of pneumonia. For this
reason, the treatment of these infections remains probabilistic. Advances in new
diagnostic techniques, such as PCR sequencing, show the relative predominance of
atypical organisms and serves to identify emerging pathogenic agents. Moreover,
these techniques should clarify the correlation between common and atypical
pathogens.
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