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Problem pathogens: paediatric legionellosis—implications 
for improved diagnosis
David Greenberg, Christine C Chiou, Ronald Famigilleti, Tzielan C Lee, Victor L Yu

Legionnaires’ disease is an established and frequent cause of pneumonia in adults but is thought to be a rare cause 
in children. We reviewed the medical literature for cases of Legionnaires’ disease in children and analysed the 
epidemiology, clinical characteristics, and treatment. 76 cases of legionella infection in children were identifi ed. In 
56%, diagnosis was made with culture methodology. 46% were community-acquired infections. 51·5% were under 
2 years of age. 78% of the patients had an underlying condition such as malignancy. Fever, cough, and tachypnoea 
were the most common symptoms. The overall mortality rate was 33% and was higher in immunosuppressed 
children and in children younger than the age of 1 year. Patients who were treated empirically with anti-legionella 

therapy had a notably lower mortality rate compared with patients on inappropriate therapy (23% vs 70%). In 88% 
of hospital-acquired cases, an environmental link to potable water colonised with legionella was identifi ed. We 
found no clinical features unique to Legionnaires’ disease in children that would allow diff erentiation from 
pneumonia due to other respiratory pathogens. Awareness of legionella as a potential cause of paediatric 
pneumonia is particularly important because infection can be severe and life threatening and antimicrobial therapy 
often used for empirical therapy in children is not eff ective against legionella. In any case of pneumonia 
unresponsive to antibiotics, Legionnaires’ disease should be considered and specifi c diagnostic tests to verify this 
diagnosis should be done. As legionella diagnostic tests become more widely applied, we predict that legionellosis 
may appear as an emerging infectious disease in children. 

Introduction
Legionnaires’ disease is considered a rare cause of 
community-acquired pneumonia in children. 
Seroepidemiological studies in children have shown 
variable results with raised titres of legionella antibody 
ranging from 2% to 52%.1,2 A prospective study found 
raised titres for Legionella pneumophila in 52% of 
children without clinical signs for infection.3 The 
authors concluded that “L pneumophila is not a common 
cause of acute respiratory disease in early childhood in 
the study area but that children are frequently exposed 
to the organism.”3 Diagnosis based only on serological 
tests for which the sensitivity and specifi city is uncertain 
is a major drawback for these earlier studies in children. 
We reviewed the literature of paediatric legionellosis. 
However, we adopted rigorous criteria for the diagnosis 
of legionellosis in the cases to be included in this review. 
The evolutionary course of discovery of Legionnaires’ 
disease in children seems to parallel that of adults. We 
suggest an approach that might uncover occult cases of 
Legionnaires’ disease in children to allow earlier 
treatment and, possibly, prevention. 

Paediatric cases of legionella infection
We identifi ed 76 cases of legionella infection in children 
that fulfi lled our inclusion criteria.1–56 Diagnosis was 
made with legionella culture methodology in 45 (59%) 
of these cases; culture was the only diagnostic method 
that was positive in 23 (30%) cases. Seroconversion and 
direct fl uorescent antibody (DFA) assay were also 
frequently used alone or in combination with other 
methods (table 1 and table 2). Most reports were from 
North America and Europe (table 3). Of the 76 cases, 
serogrouping and speciation was available for 46: 

22 were caused by L pneumophila serogroup 1, 15 by 
L pneumophila serogroup 6, one by L pneumophila 
serogroup 3, one by L pneumophila serogroup 8, three 
by Leigionella dumoffi  i, three by Legionella micdadei, and 
one by Legionella gormanii. 

35 cases (46%) were community-acquired infections. 
Of the 68 patients with age recorded, 26 (38%) were 
under the age of 1 year; 41 (61%) were in boys. 59 (78%) 
of the patients had an underlying condition including 
malignancy, trans plantation, corticosteroid usage, 
congenital immuno defi ciency, prematurity, and under-
lying respiratory diseases (table 4). Of note, of the 
17 patients who had no underlying disease, seven (41%) 
were under the age of 1 year.

Fever and cough were the most common symptoms in 
children with legionella infection (table 5). Tachypnoea, 
hypoxia, and abnormal lung examination were the most 
common signs in patients; 13 patients needed mechanical 
ventilation. The most common laboratory fi ndings were 
leucocytosis (>15 000 white blood cells per mL; n=15), 
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Methods Number of positive 
tests

Frequency

Culture 45 59%

Serology 32 42%

DFA 25 66%

Urine antigen 4 5%

PCR 3 4%

DFA=direct fl uorescent antibody. The tests total greater than 76 because some 
patients had multiple tests positive.

Table 1: Laboratory testing for Legionella spp in 76 paediatric patients 
with Legionnaires’ disease
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left shift (>1500 bands per mL; n=13), leucopenia (<5000 
white blood cells per mL; n=10), increased C-reactive 
protein or erythrocyte sedimentation rate (n=6), 
coagulopathy (n=5), and abnormal liver function tests 
(n=3). Pulmonary infi l trates were found in 61 (97%) of 
cases when chest radiography fi ndings were reported, 
and pleural eff usion was common, being found in 
19 (30%) cases (table 6). 

Underlying conditions were notably more common 
in children with hospital-acquired versus community-
acquired infections (100% vs 57%). The mortality rates 
were higher in hospital-acquired Legionnaires’ disease 
compared with community-acquired Legionnaires’ 
disease (41% vs 23%) (table 7). 

In 35 (46%) cases, environmental investigations were 
done. In 26 (74%) of these cases, an environmental link 
to potable water was identifi ed. Most investigations 
were in hospital-acquired infections, and hospitals were 
more likely to yield legionella than homes (table 7).

The mortality rate was 33% (25/76) overall and was 
higher in immunosuppressed patients than in immuno-
competent patients (42% [21/50] vs 15% [4/26], 
respectively). Mortality was also high in children 
younger than 1 year of age: 50% (14/28) compared with 
25% (10/40) in children older than 1 year. Patients who 
were treated empirically with anti-legionella therapy had 
a substantially lower mortality rate compared with 
patients on inappropriate therapy (24% [9/21] vs 76% 
[29/34]; table 8). 

Discussion
Legionnaires’ disease in adults is now an established 
and frequent cause of both community-acquired and 
hospital-acquired pneumonia.57,58 However, from the 

1980s to the early 1990s, Legionnaires’ disease was 
considered a rare and exotic disease usually identifi ed 
with sporadic outbreaks. As diagnostic methods 
improved and were more commonly used, cases of 
Legionnaires’ disease increased.59 

Pneumonia is a common infection in children, but 
few reliable clinical or radiological features exist that 
allow diff erentiation among the various respiratory 
pathogens. The clinical presentation and natural course 
of Legion naires’ disease in children is not clear, since 
studies of large sample size are non-existent and 
anecdotal cases are scattered throughout the literature. 
To obtain a clearer perspective of this emerging disease 
in children, we reviewed the medical literature for cases 
of Legionnaires’ disease in children. To ensure the 
reported cases were indeed defi nitive cases of 
Legionnaires’ disease, we excluded those reports in 
which only a single raised serology titre was the basis 
for diagnosis (table 1). 43% (33/76) of all the reported 
cases occurred in the USA, possibly indicating a higher 
index of suspicion of US physicians and availability of 
legionella diagnostic tests. No cases have been reported 
in developing countries, prob ably because diagnostic 
tests are less available in these countries. 

Methods Number of 
positive tests 

Frequency

Culture only 23 30%

Culture and serology 5 7%

Culture and DFA 14 18% 

Culture, DFA, and serology 2 3%

Culture and urine antigen 1 1%

DFA only 4 5%

Serology only* 18 24%

DFA and serology 3 4%

DFA, serology, and urine antigen 1 1%

DFA, serology, urine antigen, and 
culture

1 1%

PCR and serology 2 3%

Urine antigen only 1 1%

PCR only 1 1%

Total 76 100%

DFA=direct fl uorescent antibody. *Fourfold rise of antibody titre after onset of 
pneumonia.

Table 2: Laboratory tests subclassifi ed for 76 children

Paediatric patients

Age

Mean, median 52, 24 months

Range 5 days to 228 months

Neonates (<2 months)* 13 (19%)

Infants (2–12 months)* 13 (19%)

Children (older than 12 months)* 42 (62%)

Sex

Male† 41 (61%)

Female† 26 (39%)

Country

USA 33 (43%)

Spain 10 (13%)

Italy 7 (9%)

Germany 5 (7%)

Canada 5 (7%)

France 4 (5%)

Japan 2 (3%)

Switzerland 2 (3%)

Austria 1 (1%)

England 1 (1%)

Finland 1 (1%)

Netherlands 1 (1%)

Israel 1 (1%)

Norway 1 (1%)

Portugal 1 (1%)

*Data on age only available for 68 patients. †Data on sex only available for 
67 patients.

Table 3: Demographic characteristics of 76 paediatric patients with 
Legionnaires’ disease
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Legionella infections were fi rst reported in 
immunocompromised children with leukaemia, bone 
marrow transplantation, and chronic granulomatous 
disease patients.10,17,45 Immunosuppression including 
malignancy, transplantation, corticosteroid use, and 
neonates with pre-existing lung conditions were risk 
factors for paediatric Legionnaires’ disease (table 4). In 
adults, cigarette smoking, chronic lung diseases, 
alcohol, renal failure, advanced age, and 
immunosuppression were the primary risk factors. 
With the exception of cigarette smoking and renal 
failure, paediatric patients shared risk factors similar to 
those of adult patients—ie, presence of immuno-
suppression including corticosteroids and pre-existing 
lung disease. Extremes of ages were seen for both adult 
and paediatric groups—ie, neonates and advanced age 
are risk factors for Legionnaires’ disease.

The symptoms and signs of paediatric Legionnaires’ 
disease are non-specifi c; fever, cough, tachypnoea, and 
hypoxia were the most commonly encountered (table 5). 
Chest pain and haemoptysis were infrequently reported. 

Diarrhoea is often implicated as one of the 
extrapulmonary symptoms in adults with Legionnaires’ 
disease, but it was reported in only ten paediatric 
patients (table 5). 17% (13/76) of the patients required 
mechanical ventilation, indicating intensive care unit 
admission, which is a frequent occurrence in adult 
Legionnaires’ disease patients. Hyponatraemia is a 
frequent fi nding in adult patients yet it was seldom 
reported in paediatric cases. Overall, the laboratory 
results appeared to be non-specifi c and were not helpful 
in the diagnosis of Legionnaires’ disease in paediatric 
patients. Pulmonary infi ltrates on chest radiograph 
were documented in 97% of children with Legionnaires’ 
disease. Pleural eff usion was a common fi nding 
(table 6). 

Hospital-acquired Legionnaires’ disease
In 1989, an outbreak of paediatric Legionnaires’ disease 
was fi rst reported from Columbus, OH, USA.10 Of the 
seven described patients, fi ve received immuno-
suppressive therapy including corticosteroids. All 
patients presented with rapid onset of dyspnoea (less 
than 48 hours). All patients except one recovered after 

Underlying condition Number (% of total cases)

Malignancy 

Leukaemia 10 (13%)

Astrocytoma 1 (1%)

Lymphoma 1 (1%)

Total 12 (16%)

Transplantation

Kidney 5 (7%)

Liver 1 (1%)

Heart 1 (1%)

Bone marrow 2 (3%)

Total 9 (12%)

Congenital immunodefi ciency 4 (5%)

Corticosteroid therapy 30 (39%)

Neonate (<2 months old) 13 (17%)

Any immunosuppressive condition* 50 (66%)

Underlying respiratory diseases

Asthma 5 (7%)

Other respiratory diseases† 13 (11%)

Total 18 (24%)

Other conditions‡ 5 (7%)

Any underlying conditions 
(immunosuppressed, respiratory 
disease, and other)

49 (78%)

*Any immunosuppressive condition including malignancy, transplantation, 
steroid use, congenital immunodefi ciency and age <2 months. †Other respiratory 
diseases including aspiration, tracheobronchomalacia, pneumothorax, 
bronchopulmonary dysplasia, follicular bronchiolitis, hyaline membrane disease. 
‡Other conditions including Downs syndrome (two cases), burns, congenital 
heart disease, biliary atresia.

Table 4: Underlying conditions among paediatric patients with 
Legionnaires’ disease

Symptom Number (%)

Fever* 48 (98%)

Respiratory†

Cough 37

Tachypnoea 22

Dyspnoea 19

Wheezing 9

Rhinorrhoea 8

Chest pain 8

Cardiovascular†

Tachycardia 10

Bradycardia 1

Hypotension 6

Neurological†

Lethargy 8

Mental status changes 5

Headache 6

Seizure 1

Gastrointestinal†

Diarrhoea 10

Abdominal pain 5

Anorexia 3

Vomiting 4

Hepatosplenomegaly 9

Rash† 3

Lymphadenopathy† 3

Mortality 25 (33%) 

*Data available for 49 patients only. †Percentages not calculated because 
denominators were not available for all patients—ie, absence of symptoms was 
not explicitly mentioned.

Table 5: Symptoms of paediatric patients with Legionnaires’ disease
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appropriate treatment with erythromycin. 41 (54%) of the 
cases of paediatric Legionnaires’ disease identifi ed in this 
review were classifi ed as hospital acquired. Compared 
with those with community-acquired Legionnaires’ 
disease, patients with hospital-acquired Legionnaires’ 
disease were more likely to be neonates, and to have 
underlying illnesses. The mortality was higher in 
hospital-acquired cases compared with community-
acquired cases (41% vs 23%, respectively; table 7). 

Environmental source and transmission
Based on numerous studies in adults, the source of 
hospital-acquired Legionnaires’ disease is the hospital 
drinking water supply.58 A positive environmental link 
was identifi ed in 88% of hospitalised cases of paediatric 
Legionnaires’ disease in whom environmental cultures 
were obtained (table 7). Tap water, hot water tanks, 
sinks, showerheads, respiratory therapy equipment, 
and humidifi ers were the most commonly reported 
sites colonised with Legionella spp. 

Community-acquired Legionnaires’ disease
35 (46%) of the reported cases reviewed here were 
community acquired. Only 37% of patients with 
community-acquired Legionnaires’ disease were 
immuno suppressed, by contrast with 90% of hospital-

acquired cases. The fi rst case report of paediatric 
community-acquired Legionnaires’ disease was a 
2·5-year-old boy with acute lymphocytic leukaemia.45 
The diagnosis of Legionnaires’ disease was confi rmed 
by fourfold rise of serology. The boy survived, although 
he did not receive antibiotics active against Legionnaires’ 
disease. Environmental cultures were not done. 

In 1997, one of us (RF) reported culture-confi rmed cases 
of Legionnaires’ disease in two neonates (9 days and 
2 months old) who were not treated initially for legionella 
infection.18 Both presented with fever and severe 
pneumonia with cavitary lesions on chest radiograph. 
The undiagnosed and untreated baby died. The second 
baby recovered after receiving erythromycin therapy. 

No outbreak of paediatric Legionnaires’ disease of 
community-acquired origin has been reported to our 
knowledge. The home water distribution system was 
documented to be the source in two children with 
community-acquired Legionnaires’ disease. The 
legionella isolated from the tap water from home was 
identical to that obtained from the patient by pulse fi eld 
gel electrophoresis.48 In another epidemiological report, 
a previously healthy 4-year-old boy presented with 
severe pleural eff usion and diaphragmatic paralysis; 
environmental cultures from his parents’ and 
grandparents’ house were negative for L pneumophila.8 

Neonatal cases
Levy and Rubin reviewed nine cases of neonatal 
legionellosis reported in the literature;60 the main 
fi ndings were that all were hospital acquired, four were 
premature infants and fi ve were term. Eight cases had 
potential risk factors including prematurity, broncho-
pulmonary dysplasia, and corticosteroid use. An 
environmental link to the hospital water distribution 
system was documented for four patients. An incubator 
and humidifi er were implicated in one case.61 Mortality 
was 55%. In our review, four additional neonatal cases 

Finding Frequency, % (n/N)

Infi ltrate 97 (61/63)

Unilateral 55 (31/56)

Bilateral 45 (25/56)

Eff usion 30 (19/63)

Cavity 18 (11/63)

Nodules 8 (5/63)

Pneumothorax 6 (4/63)

Denominators vary because not all reports gave explicit descriptions of chest 
radiographs. 

Table 6: Chest radiographs of paediatric patients with Legionnaires’ 
disease

Hospital acquired, 
% (n/N)

Community acquired, 
% (n/N)

Underlying conditions

Any immunosuppression 90 (37/41) 37 (13/35)

Any respiratory disease 34 (14/41) 11 (4/35)

Any underlying condition 100 (41/41) 51 (18/35)

Age

<12 months 50 (13/26) 50 (13/26)

≥12 months 59 (9/15) 40 (4/9)

Environmental link positive 88 (23/26) 33 (3/9)

Mortality 41 (17/41) 23 (8/35)

Patients were included only if all data was available including negative fi ndings.

Table 7: Comparison of paediatric patients with hospital-acquired and 
community-acquired Legionella spp infections

Lived, % (n/N) Died, % (n/N)

Age

<12 months 27 (12/44) 58 (10/24)

Underlying diseases

Immunosuppressed 57 (29/51) 84 (21/25)

Respiratory disease 18 (9/51) 32 (8/25)

Any comorbidity 71 (36/51) 92 (23/25)

Community acquired 53 (27/51) 32 (8/25)

Hospital acquired 47 (24/51) 68 (17/25)

Appropriate antibiotic 76 (29/34) 24 (9/21)

Inappropriate antibiotic 24 (5/34) 76 (12/21)

Appropriate antibiotic=antibiotic active in vitro against Legionella spp. Data not 
available for all patients so denominators do not total 76 for age and antibiotic 
administration.

Table 8: Comparison of mortality in paediatric patients with 
Legionnaires’ disease
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were identifi ed, accounting for 13% of all reported cases 
of paediatric Legionnaires’ disease. Three (23%) cases 
were community acquired. An environmental link was 
found for three hospital-acquired cases and one 
community-acquired case.18,20,48 A hospital birthing pool 
was the source for Legionnaires’ disease in a 7-day-old 
neonate who presented with fever, dyspnoea, and 
bilateral pneumonia. In this case, the urine antigen test 
was positive and legionella antibodies were raised (the 
mother’s antibody tests were negative).20

Mortality
Overall, the mortality rate was 33%, and was notably 
higher in immunosuppressed patients and in children 
younger than 1 year of age (table 8). Of clinical relevance 
was that mortality was 23% in the 38 individuals who 
received appropriate antibiotics, and 70% in the 17 who 
received inappropriate antibiotics. 

Future studies
The reported clinical characteristics of paediatric cases 
of Legionnaires’ disease could be highly skewed, as in 
the original cases of Legionnaires’ disease discovered in 
adults. The fi rst observed cases tended to be in adults 
with severe pneumonia that was unresponsive to 
therapy. As rapid diagnostic tests became available, 
particularly the urinary antigen, it became easier to 
diagnose cases, and a larger group of patients was 
discovered. As investigators and clinicians began to 
screen for Legionnaires’ disease systematically in 
observational studies of community-acquired 
pneumonia, a diff erent picture emerged. Instead of a 
classic scenario of patients with severe pneumonia with 
a high mortality rate, patients were often found to have 
symptoms of pneumonia that resolved with earlier 
treatment. 

Presuming that Legionnaires’ disease is an under-
diagnosed syndrome in children, how might this be 
established? Since it would not appear to be productive 
to investigate every child with pneumonia with a 
diagnostic test for legionella, we suggest one approach 
that might be cost eff ective. It would seem rational to 
apply legionella testing for patients who have contracted 
pneumonia in hospitals known to have a water supply 
colonised with Legionella spp, since the major risk factor 
is exposure to potable drinking water colonised with 
Legionella spp. It is no coincidence that paediatric 
outbreaks of hospital-acquired Legionnaires’ disease 
were seen in paediatric hospitals at Ohio State 
University, University of Pittsburgh, and Stanford 
Hospitals, since outbreaks of hospital-acquired 
Legionnaires’ disease had already occurred in adult 
patients at these hospitals.10,23 Once the laboratory tests 
became available in these institutions, the affi  liated 
paediatric hospitals had the diagnostic methodologies 
to uncover Legionnaires’ disease. Even more 
importantly, disin fection measures directed at the 

hospital water distribution system can prevent the 
infection. 

Case reports have generally focused on the novelty of 
occurrence of Legionnaires’ disease in a paediatric 
patient. Although unusual clinical presentations, new 
underlying diseases, and infections by unusual 
Legionella species should still be reported, the message 
that an immunocompromised patient is susceptible to 
an opportunistic pathogen is becoming less novel. Of 
the reports in hospitals in which environmental cultures 
of the water distribution system were done, fi ve 
explicitly discussed aspiration as a potential mode of 
transmission.10,11,20,30,51 In one case of community-
acquired Legionnaires’ disease, aspiration was suspected 
as the mode of transmission. Thus, case studies should 
certainly include results of environmental cultures of 
drinking water since aspiration seems to be a major 
mode of transmission in paediatric legionellosis and 
potable water is the likely source. 

Awareness of Legionella spp as a potential cause of 
paediatric pneumonia is particularly important because 
infection is unusually severe and life threatening. The 
antimicrobial therapy often used for empirical therapy 
in paediatric community-acquired pneumonia might 
not be effi  cacious against Legionella spp. In any case of 
pneumonia non-responsive to beta-lactam antibiotic 
therapy, Legionnaires’ disease should be considered 
and specifi c diagnostic tests to verify this diagnosis 
should be done. As diagnostic modalities for legionella 
become more widely applied, we predict that 
legionellosis might appear as an emerging infectious 
disease in children.
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