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Abstract
Background and methods To assess the
relation between seasonal variation and
the onset of initial and chronic Pseudomonas aeruginosa infection, 300 Danish
patients with cystic fibrosis were investigated. A retrospective analysis based on
case reports was performed to identify
the date and year of initial and chronic
P aeruginosa infection from 1965 to 1990.
Results Sixty six per cent of the
patients contracted their initial P
aeruginosa colonisation and 68% contracted chronic infection during the winter months (October to March). Despite
major changes in treatment, including
improved and intensified antibiotic treatment, during the investigation period in
our cystic fibrosis centre, the seasonal
difference in P aeruginosa infection
persisted.
Conclusions As respiratory virus infections have the same seasonal distribution
in Denmark such infections may pave
the way for P aeruginosa and thus
explain the parallel seasonal occurrence
of this pathogen in patients with cystic
fibrosis.

aeruginosa colonisation and chronic infection
could be detected in our patients with cystic
fibrosis.

similar seasonal variation of onset of P

more.

Methods
PATIENTS AND SURVEILLANCE

Since the Danish cystic fibrosis centre was
established 26 years ago about 300 patients
with cystic fibrosis have been followed. During
the whole period patients have been seen once
a month in the outpatient clinic. These visits
include among other things a medical examination, measurement of lung function, and bacteriological examination of lower respiratory
tract secretions, obtained by expectoration or
nasolaryngeal suction. The bacteriological
technique has been described.' Since 1976
patients with chronic P aeruginosa lung infection have been treated every third month with
intravenous antipseudomonal chemotherapy
for two weeks.'" The mean age of patients
acquiring chronic P aeruginosa infection was
9-7 years during the study period.2
CLASSIFICATION OF P AERUGINOSA INFECTION

Since 1972 all patients have been examined at
least once a year for serum precipitating
antibodies to P aeruginosa.' The patients were
said to be intermittently colonised when P
The reason why chronic Pseudomonas aeru- aeruginosa was harboured in the respiratory
ginosa infection is so prevalent in patients tract for less than six months and there were
with cystic fibrosis is still unclear. During less than two precipitins, and to have chronic
childhood most patients with cystic fibrosis P aeruginosa infection when bacteria were
have recurrent Staphylococcus aureus and cultured continuously from sputum for six
Haemophilus influenzae lung infections.' With months or there was an antibody response of
increasing age, however, P aeruginosa two precipitins or more." These definitions
becomes more prevalent and most adult have remained unchanged during the study
patients develop chronic P aeruginosa infec- period.
Case reports were scrutinised for all 300
tion. Cross infection used to be responsible
for most new chronic P aeruginosa infections patients followed in the Danish cystic fibrosis
in Danish children with cystic fibrosis; but centre from 1 January 1965 to 31 December
with improved hygiene the yearly incidence 1990 and the above definitions were applied to
the data. Day, month, and year were recorded
was reduced to the "natural background"
level of 1-2%, not associated with treatment for (1) initial colonisation-that is, the date of
the first sputum sample to be positive for P
at the centre.2
A few reports point, however, to a relation aeruginosa (these patients being designated as
between respiratory virus infection, notably intermittently colonised until they fulfilled the
respiratory syncytial virus and onset or acute criteria for chronic infection); and (2) day,
exacerbations of P aeruginosa infections."9 As month, and year of onset of chronic P aeruginrespiratory virus infection usually occurs in osa infection-that is, of continuous culture of
the cold and wet winter months in Denmark P aeruginosa from sputum for six months or
(October to March) we speculated whether a an antibody response of two precipitins or
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isation developed into chronic infection; the
Results are expressed as percentage values, other 149 patients (82%, 99% CI 73-89%) did
with 99% confidence intervals (CI) and sig- not show any evidence of P aeruginosa for a
nificance assessed by x2 test for categorical time.'3 The median interval before patients
data. 12
became chronically infected was 12 months
(lOth%-90th% percentile 0-68-8 months).
seven of 160 patients (17%, 99%
Twenty
Results
who became colonised initially
10-26%)
CI
During the study period 239 patients had
intermittent P aeruginosa colonisation and 182 before 1980 developed chronic infection,
acquired chronic infection; all had been inter- whereas only six of 79 patients (8%, 99% CI
2-19%) did so during the last 10 years
mittently colonised previously.
ANALYSIS

<

0-05).

INITIAL P AERUGINOSA COLONISA TION

The seasonal distribution of initial colonisation
during the successive periods of the study is
shown in table 1. Sixty six per cent (99%
CI 57-74%) of the initial colonisation took
place during the winter months. No significant
fluctuations were seen over the 26 years of the
study (p = 0-75). The number of patients who
acquired the initial colonisation each month
over the entire study period is shown in figure 1.
The lowest incidence was in July and the
highest incidence in October.
CHRONIC P AERUGINOSA INFECTION

The seasonal distribution of the onset of
chronic infection during the successive periods
of the study is shown in table 2. Sixty eight per
cent (99% CI 59-76%) of the chronic infections started during the winter. No significant
fluctuations were seen over the 26 years
(p = 0-52). Figure 2 shows the number of
patients developing chronic infection each
month from 1965 to 1990. The lowest
incidence was in July and the highest in
November.
INITIAL P AERUGINOSA COLONISATION
DEVELOPING INTO CHRONIC INFECTION

In 33 of 182 patients with chronic infection
(18% CI 11-26%) the initial episodes of colonTable 1 Seasonal onset of initial Pseudomonas aeruginosa colonisation in 239 Danish
patients with cystic fibrosis 1965-90
1965-75* 1976-80
No (%) No (%)

April-September
October-March

22 (31)
49 (69)

30 (34)
59 (66)

1981-5
No (%)

1986-90
No (%)

Total
1965-90
No (%)

15 (42)
21 (58)

15 (42)
28 (58)

82 (34, CI 26-42)
157 (66, CI 58-74)

*Eleven rather than five years because of the small number of patients.
CI-99% confidence interval.

Figure 1 Month of onset
(1-12 = JanuaryDecember) of cases of
initial Pseudomonas
aeruginosa colonisation in
239 Danish patients with
cysticfibrosisfrom 1965 to
1990. Proportion of
infections with initial onset
during the winter months
(October-March) 66%
and during the summer
months (AprilSeptember) 34%.
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Discussion
The results show that both initial colonisation
and chronic P aeruginosa infection begin in
most patients during the winter season. The
number of patients with an onset in July is
probably an underestimate because of summer
holidays but some of the July cases would be
recorded during August, which may therefore
have too high a number. Similarly, the number
of patients with an onset in December and
February may be too low owing to Christmas
and the one week winter holiday respectively,
with their cases recorded in January or March.
Such imprecisions, however, would not
influence the main finding that most patients
contract P aeruginosa during the winter
months.
Similar seasonal variations in the onset of P
aeruginosa have not been published from other
centres to our knowledge. A seasonal pattern
has been reported for legionnaires' disease in
Scotland with a late summer and autumn
peak.'4 The respiratory virus season is also
during winter,15 6 and such virus infections
have been reported to be closely associated
with exacerbations of pulmonary symptoms
in patients with cystic fibrosis."'5 We have
previously6 reported a possible synergism with
non-bacterial agents, especially respiratory
syncytial virus, and the development of chronic
P aeruginosa infection. The same trend was
reported by Wang et al,5 who found a significant
association between declining lung function
and the annual incidence of viral infections in
49 patients with cystic fibrosis compared with
19 normal siblings, though this is in contrast to
the findings of Ramsey et al, 17 who could not find
any positive association between the frequency
of viral infections and more rapid decline in
lung function. Efthimiou et al8 studied the
importance of viruses and acute exacerbations
in patients with stable and unstable cystic
fibrosis. They found that the incidence of viral
infections was not convincingly higher in
patients with cystic fibrosis than in healthy
controls but that the consequences of the
infections were more serious, which is also in
agreement with the findings of Deforest et al. 8
Fewer stable patients showed serological
evidence of non-bacterial infections than the
unstable patients. Brocklebank et al'9 found
that the interaction between respiratory virus
infection and chronic respiratory diseases such
as cystic fibrosis has become increasingly
important for the health of these children as
they are more likely to acquire severe lower
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Table 2 Seasonal onset of chronic Pseudomonas aeruginosa infection in 182 Danish
patients with cysticfibrosis 1965-90

No (%)

1986-90
No (%)

Total
1965-90
No (%)

14 (27)
37 (73)

11 (41)
16 (59)

7 (25)
21(75)

58 (32, CI 24-41)
124 (68, CI 59-76)

26 (34)

50(66)

1981-5

*Eleven rather than five years because of the small number of patients.
CI-99% confidence interval.

Figure 2 Month of onset
(1-12 JanuaryDecember) of cases of
chronic Pseudomonas
aeruginosa infection in 182
Danish patients with cystic
fibrosis recorded during the
period 1965-90.
Proportion of cases of
chronic infection starting
during the winter months
(October-March) 68%
and during the summer
months (AprilSeptember) 32%.
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respiratory tract infection than other children.
They therefore suggest the importance of rapid
diagnosis and exclusion from the ward to
reduce cross infection.'9
As seasonal variations in infections might be
influenced by other factors, we looked at the

seasonal variation in the onset of the initial P
aeruginosa colonisation and chronic infection
against the background of the continuous
improvement of our treatment regimens during
the period of the study. These include the use
of maintenance treatment for P aeruginosa
infection every third month since 1976,
additional colistin inhalation and oral
antibiotics since 1986, and aggressive treatment of the initial infection since 1987.2021 The
resulting improved survival means that the
mean age of the patients has increased and their
family and social activities have changed as a
consequence. Summer and winter camps have
not, however, been used for patients with cystic
fibrosis in Denmark.
The elimination of cross infection in the
centre, by improvement of hygiene and the
separation of infected and non-infected
patients since 1980, may also be a factor. These
changes, however, do not explain why the
seasonal onset of P aeruginosa has not changed
over the 26 years. The most likely explanation
seems to be that respiratory virus infections
pave the way for P aeruginosa colonisation and
chronic infection in patients with cystic fibrosis.

Like other authors, 342223 we suggest that
prophylactic procedures such as vaccination
against respiratory viruses and intensive
surveillance and treatment of patients with
cystic fibrosis who have confirmed respiratory
virus infections may be a way to decrease the
high incidence of P aeruginosa colonisation and
infection during the winter. Such measures
may improve further the prognosis in cystic
fibrosis.
1 H0iby N. Microbiology of lung infections in cystic fibrosis
patients. Acta Paediatr Scand 1982;suppl 301:33-54.
2 H0iby N, Pedersen SS. Estimated risk of cross-infection
with Pseudomonas aeruginosa in Danish cystic fibrosis
patients. Acta Paediatr Scand 1989;78:395-404.
3 Marks MI. Respiratory viruses in cystic fibrosis. N Engl J
Med 1984;311:1695-6.
4 Pribble CG, Black PG, Bosso JA, Turner RB. Clinical
manifestations of exacerbations of cystic fibrosis associated
with nonbacterial infections. J Pediatr 1990;117:200-4.
5 Wang EEL, Prober CG, Manson B, Corey M, Levison H.
Association of respiratory viral infections with pulmonary
deterioration in patients with cystic fibrosis. NEnglJMed
1984;311:1635-8.
6 Petersen NT, H0iby N, Mordhorst CH, Lind K, Flensborg
EW, Bruun B. Respiratory infections in cystic fibrosis
patients caused by virus, chlamydia and mycoplasmapossible synergism with Pseudomonas aeruginosa. Acta
Paediatr Scand 1981;70:623-8.
7 Abman SH, Ogle LW, Butler-Simon N, Rumack CM,
Accurso FJ. Role of respiratory syncytial virus in early
hospitalisation for respiratory distress of young infants
with cystic fibrosis. J Pediatr 1988;113:826-30.
8 Efthimiou J, Hodson M, Taylor P, Taylor AG, Batten JC.
Importance of viruses and Legionella pneumophilia in
respiratory exacerbations of young adults with cystic
fibrosis. Thorax 1984;39:150-4.
9 Ong ELC, Ellis ME, Webb AK, Neal KR, Dodd M, Caul M,
et al. Infective respiratory exacerbations in young adults
with cystic fibrosis: role of viruses and atypical microorganisms. Thorax 1989;44:739-42.
10 Pedersen SS, Jensen T, H0iby N, Koch C, Flensborg EW.
Management of Pseudomonas aeruginosa lung infection in
Danish cystic fibrosis patients. Acta Paediatr Scand 1987;
76:955-61.
11 Hoiby N. Epidemiological investigations of the respiratory
tract bacteriology in patients with cystic fibrosis. Acta

Pathol Microbiol Immunol Scand (B) 1974;82:541-50.

12 Diem K, ed. Documenta Geigy scientific tables. Basel: CIBAGeigy, 1962:101, 185.
13 Szaff M, H0iby N, Flensborg EW. Frequent antibiotic
therapy improves survival of cystic fibrosis patients with
chronic Pseudomonas aeruginosa infection. Acta Paediatr
Scand 1983;72:651-7.
14 Bhopal RS, Fallon RJ. Seasonal variation of legionnaires'
disease in Scotland. J Infect 1991;22:153-0.
15 Hornsleth A, Friis B, Knudsen FU, Krasilnikoff P. Rapid
diagnosis of acute virus-conditioned respiratory infections. Examination of hospitalised children. Ugeskr Laeger

1988;150:1274-7.

16 Denny FW, Wallace AC Jr. Acute respiratory tract infections: an overview. Pediatr Res 1983;17:1023-37.
17 Ramsey BW, Gore EJ, Smith AL, Cooney MK, Redding
GJ, Foy H. The effect of respiratory viral infections on
patients with cystic fibrosis. Am J Dis Child 1989;143:
662-8.
18 Deforest A, Laraya-Cuasay L, Gregory JE, Satz J, Huang
NN. The association of viral and mycoplasma infections
with lower respiratory tract disease in patients with cystic
fibrosis. Pediatr Res 1973;6:388.
19 Brocklebank JT, Court SDM, McQuillin J, Gardner PS.
Influenza-A infection in children. Lancet 1972;ii:497-500.
20 Valerius NH, Koch C, H0iby N. Prevention of chronic
Pseudomonas aeruginosa colonisation in cystic fibrosis by
early treatment. Lancet 1991;338:725-6.
21 H0iby N. Cystic fibrosis: infections. Schweiz Med Wochenschr 1991;212:105-9.
22 Adlard P,BryettK. Influenza immunisation inchildren with
cystic fibrosis. J Intern Med Res 1987;15:344-51.
23 Chretien J, Holland W, Macklem P, Murray J, Woolcock A.
Sounding board. Acute respiratory infections in children:
a global public-health problem. N Engl J Med 1984;310:
982-4.

Thorax: first published as 10.1136/thx.47.2.109 on 1 February 1992. Downloaded from http://thorax.bmj.com/ on May 18, 2022 by guest. Protected by copyright.

April-September
October-March

1965-75* 1976-80
No (%) No (%)

III

