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Serological findings

IgM antibody IgGantibody HPB-B19DNA

8 July
Serum + + +
CSF ND ND +

13 July
Serum + + +
CSF ND ND -

ND=not done.

HPV-B19 DNA was also positive in serum and
cerebrospinal fluid. However, in the cerebro-
spinal fluid HPV-B19 DNA was positive on
8 July but became negative on 13 July (see
figure).

Discussion
In 1983, HPV-B19 was identified as the cause of
erythema infectiosum by Anderson et al. I There-
fore various pathological manifestations have
been reported to be caused by HPV-B 19.
Dijkmans et al detected HPV-B19 DNA in the
synovial fluid of a 33 year old woman with
arthritis.3 Saint-Martin et al reported a 1 year old
boy with myocarditis caused by HPV-B 19.4
They found HPV-B19 structural proteins in the
patient's myocardial tissue. In addition, aplastic
crisis is a well known complication of HPV-B19
infection.

Central nervous system involvement, as in
encephalitis and aseptic meningitis, is a rare
complication of HPV-B19 infection, and there
have been only a few reports of central nervous

system involvement associated with erythema
infectiosum. Three case reports of encephalitis
and one report of meningitis were found in a
review of the recent literature.5 6 None of them,
however, demonstrated direct evidence of
central nervous system involvement by HPV-
B19. The detection of HPV-Bl9 DNA in the
cerebrospinal fluid of our patient by the PCR
suggests that central nervous system invasion by
the virus had occurred. To the best of our
knowledge, this is the first report ofthe detection
of HPV-B19 DNA in cerebrospinal fluid of a
patient with a serologically probed HPV-B19
meningitis. The prognosis of aseptic meningitis
due to HPV-B19 appears to be good, judging
from our experience and a previous case report.
The widespread use of the PCR should help to

determine the spectrum of HPV-B19 infection.
Similar cases to ours will probably be detected
and as yet unknown clinical manifestations may
also be found.
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Abstract
Interleukin (IL)-1 and IL-2 may participate in
the systemic inflammatory response and
hypergammaglobulinaemia observed in
patients with cystic fibrosis. Thirty seven

patients with cystic fibrosis were compared
with 25 normal controls. High IgG and IgM
concentrations were associated with more
severe pulmonary disease. IL-la and soluble
IL-2 receptor concentrations were higher in
the cystic fibrosis group than in the controls
and also correlated with concentrations ofIgG
and IgM. These results suggest that these
cytokines may contribute to enhanced
immunoglobulin synthesis and silent inflam-
matory activity in clinicaily stable patients with
cystic fibrosis.
(Arch Dis Child 1993; 68: 785-787)

Bacterial adherence occurs in the lung of those

with cystic fibrosis despite the presence of intact
local immune defences. Continuous bacterial
exposure leads to the systemic spread of these
vigorous, yet ineffective, local responses. This
process may result in hypergammaglobulin-
aemia, which often correlates with the pro-
gression of pulmonary disease.' The vigorous
inflammatory response, in which granulocytes
predominate, may produce immunologically
mediated pulmonary injury.2

Interleukin (IL)-1 and IL-2 are cytokines
derived respectively from mononuclear phago-
cytes and T lymphocytes. They may participate
in the initial immune responses to infectious
stimuli and immunoglobulin production.
Soluble IL-2 receptor (sIL-2R) is released after
activation of mononuclear cells by IL-2 and is
one indicator of T cell activation.3 We investi-
gated whether these cytokines were participating
in the heightened systemic inflammatory
response in cystic fibrosis and whether there was
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Table I Details ofage, IL-la, and sIL-2R concentrations in patients with cysticfibrosis and
controls

Cystic fibrosis (n=37) Controls (n=25) p Value*

Mean (range) age in years 10-5 (5-19) 9-5 (4-16) NS
Mean (95% CI) IL-la in pg/ml 471 (278 to 663) 254 (171 to 337) <0 05
Mean (95% CI) sIL-2R in U/ml 416 (336 to 496) 280 (200 to 359) <0-02

*Unpaired Student's t test.
CI= confidence interval.

Table 2 Comparison between group I (those with chronic infection) and group II (those with
sterile cultures)

Group I (n=20) Group II (n= 17) p Value
Mean agein years 12 8 8-3 <0-001
Mean (SD) % predicted FEV, 51 (19) 84 (19) <0 0001
Mean (SD) % predicted FVC 67 (16) 87 (20) <0 001
Mean (SD) immunoglobulins in g/l
IgG 19 (8) 11(3) <0 001
IgM 1 3 (0-6) 0 9 (0-4) <0 05
IgA 3-3 (2-2) 1-6 (0 8) <0-01

Geometric mean (95% CI) IgE in U/i 56 (21-158) 17 (7-43) NS
Mean (95% CI) IL-la in pg/ml 555 (299-810) 361(120-678) NS
Mean (95% CI) sIL-2R in U/ml 362 (254-470) 431 (313-549) NS

CI =confidence interval.

a relationship between them and both immuno-
globulin concentration and the severity of airflow
obstruction.

Patients and methods
Thirty seven clinically stable patients with cystic
fibrosis were studied. Sputum or cough swabs
were sent for routine bacteriology and forced
expiratory volume in one second (FEVy) and
forced vital capacity (FVC) were measured by
spirometry. Blood samples were taken and
analysed for concentrations of IgG, IgM, IgA,
and IgE. Immune reactive levels of IL-la and
sIL-2R were assayed using a modified two
site enzyme linked immunosorbent assay
(ELISA) as previously described.3 Blood was
taken from 25 normal children who acted as
contols. Data from the cystic fibrosis and control
groups were compared using unpaired Student's
t tests; correlation coefficients were calculated
between variables and their significance was
determined by linear regression analysis.

Results
Seventeen of the children with cystic fibrosis had
sterile sputum cultures, two repeatedly grew
Staphylococcus aureus, one grew both S aureus
and Pseudomonas aeruginosa, and 17 were
colonised with P aeruginosa. FEV1 and FVC
(mean (SD)% predicted) in the cystic fibrosis
group was 65 (24)% and 76 (21)% respectively.
Patients and controls were well matched with
respect to age, however, the cystic fibrosis group
exhibited significantly higher IL-la and sIL-2R
immunoreactivity (table 1).

Table 3 Correlation coefficients (r) between cytokine
concentrations, lungfunction values, and IgG and IgM
concentrations

IgG (g/l) IgM (g/l)
IL-la (pg/ml) 0-18 0 35**
sIL-2R (U/ml) 0.33* 0-36**
FEV, (% predicted) -0-66*** -0 40**
FVC (% predicted) -0-62*** -0-38**

*p=0.05, **p<005, ***p<0-001.

We subdivided the cystic fibrosis group into
those who had chronic bacterial colonisation
(group I, n=20) and those who had repeatedly
sterile cultures (group II, n= 17). Group I were
older, had poorer lung function, and higher
immunoglobulin concentrations than group II.
Yet there was no significant difference in their
cytokine concentrations (table 2).
IgG and IgM concentrations correlated with

the severity of airflow obstruction. There was
also a weak, but significant, correlation between
cytokine concentrations and IgG and IgM (table
3). IL-la correlated with sIL-2R in the entire
study group (r=04, p<0001, n=62).

Discussion
Serum from patients with cystic fibrosis exhibits
significantly greater IL-la and sIL-2R immuno-
reactivity than controls; these results suggest
that there is immunostimulation in patients both
with and without chronic infection. IL-1 is a
chemoattractant for granulocytes and induces
their degranulation. It is therefore a likely par-
ticipant in the inflammatory response observed
in the cystic fibrosis lung. IL-1 also upregulates
IL-2 receptor expression on mononuclear cells
and stimulates their release of IL-2 in vitro2; the
positive correlation between the two suggests the
existence of cytokine networking in vivo.

IL-I is secreted in response to a number of
stimuli including lipopolysaccharide, immune
complexes, and the CSa component of comple-
ment. Our data may reflect either a primary
response to infectious agents or a secondary
response to immunological stimuli. Increased
sIL-2R immunoreactivity was observed in
children with sterile sputum, good pulmonary
function, and normal immunoglobulin concen-
trations, findings which are consistent with those
of Dagli et al.4 Data from both studies suggest
that excessive immunostimulation may originate
as a defence against infection. We postulate that
it evolves into harmful inflammatory activity that
ultimately leads to lung destruction.
The association between cytokine and IgG and

IgM concentrations suggest that they may con-
tribute to immunoglobulin synthesis in vivo. No
relationship existed between them and serum
IgA, which is mainly concerned with mucosal
defence, or IgE, whose synthesis is thought to be
regulated predominantly by IL-4. Significant
correlations existed between IgG and IgM con-
centrations and the severity of pulmonary
disease. It is tempting to assign a causal relation-
ship between them. Yet hypergammaglobulin-
aemia may simply reflect the bacterial content of
the cystic fibrosis lung. However, there are
mechanisms by which hypergammaglobulin-
aemia can produce pulmonary injury: immune
complex activation of complement and the
excess generation of harmful complement
degradation products. Indirect support for this
hypothesis is also derived from a study where the
beneficial effects of prednisolone on pulmonary
function were accompanied by a significant fall
in immunoglobulin concentration.5

Exoproteases derived from P aeruginosa not
only cleave IL-2 and its soluble receptor in vitro
but can also antagonise IL-1 and IL-2 activity.6
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In addition, elastases derived from granulocytes
are implicated in the proteolytic destruction of
the cystic fibrosis lung and may degrade IL-1.
Cytokines and their receptors may be exposed to
these enzymes as cells circulate through the lung
and this may explain the lack of correlation
between cytokine immunoreactivity and chronic
infection.
At present, the addition of anti-inflammatory

drugs to treatment protocols may represent the
best hope for maintaining lungs in good condi-
tion until treatments, which correct the basic
defect, become available for subjects with cystic
fibrosis. Therefore, further studies addressing
the clinical effects of cytokine supression are

necessary in order to define further the nature of
these responses.

Our thanks to the Cystic Fibrosis Trust for funding PG.
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