Table 1  Subject data

Age (years) n M:F  Heighticm) Reliable inspiration (%)
3 10 55 95.0+6.3 3(30.0)

4 19 010 102.2x4.1 15 (79.0)

5 16 8:8 107.7+49 16 (100)

6 12 6:6 1169 x6.1 12 (100)

Results are given as mean + SD. Difference in the number
of the children with high enough PIFR for each inhaler resist-
ance was estimated by x* analysis. Wilcoxon signed-ranked
test was used to determine the significance between mean
PIFR through each inhaler resistance. Lineal regression analy-
sis was used to determine whether a relationship existed
among PIFR, PEFR and height. P<0.05 was considered
significant.

Results

After specific training with an instructor, all the children aged
5- and 6-years old were able to perform reliable inhalation.
However. 11 younger children could not inspire adequately
(Table 1). Therefore, we measured PIFR using In-Check
Meter in 46 out of 57 children. All of these 46 children (except
for one 4-year-old child) were able to generate an adequate
PIFR through the resistance for the Diskus (>30 L/min). In
contrast, 28.3% of the children could not achieve an adequte
PIFR through the resistance for the Turbuhaler (>60 L/min).
There was a significantly higher percentage of children gener-
ating adequate PIFR for the Diskus compared with the
Turbuhaler (P < 0.01. Table2). Although there was a good
correlation between PIFR for both inhalers, mean PIFR
through the Diskus was significantly higher than that through
the Turbuhaler (78.0 + 17.9 L/min vs 64.5 = 14.3 L/min.
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Table 2 Number of children who could generate adequate PIFR
through each inhaler resistance

Age (years) Total n
3n dn 5n on (%)
(%) (%) (%) (%)
n 3 15 16 12 46
Diskus 3(100) 14(93.3) 16(100) 1201000 45 (97.8)%
Turbuhaler 2(66.7) 10(66.7) 10(62.5) 11(91.7) 33(71.7)*

*P < 0.01. PIFR, peak inspiratory flow rates.

P < 0.001: Fig.1). There were also significant but weak
correlations between PIFR and height. whereas PEFR strongly
correlated with their height (Fig. 2.).

Discussion

In the present study we show that In-Check Meter is a useful
device when physicians make a decision to apply DPI to pre-
school children. DPI are becoming popular because of their
environmental friendliness. Aerosolization within a DP1 is de-
pendent on the interaction between inspiratory flow and device
design.’ To assess these two parameters, we measured chil-
dren’s PIFR using the In-Check Meter through two different
calibrated resistances that mimic the internal resistance of two
inhalers. As Pedersen has shown, untrained children could not
inhale adequately.* Therefore, we measured PIFR after train-
ing with one instructor. Despite adeguate training. the percent-
age of 3-year-old children who were able to inhale reliably
was low. In contrast, all the children over the age of § years
inhaled without any problem. PIFR of these children with ad-
equate inhalation technique were measured with the In-Check
Meter. Two inhalers, Diskus and Turbuhaler. were chosen
because of their popularity. The Turbuhaler is considered
a moderate- 1o high-resistance inhaler because an inspiratory

Fig. 1 Peak inspiratory flow (a) (b)
rates (PIFR) through the inhaler — _
resistances. (a) Strong correlation e - T
between  PIFR  through each g 100 - i)
resistance.  (b)y  Mean  PIFR = G o N |
through the Diskus was signifi- = 80 %L, O, = s04
cantly higher than that through z '-'Tigi? . £
the Turbuhaler. *P < 0.001. E 1——1—3-0o = 60
5 oloRe] £
340 A o L 40
= . b o r=0.88 - -l
5 204 p <0001 20 |
= |
W o= T —
(0 20 40 60 8) 10N 120 Diskus Turbuhaler

Diskus PIFR (L/min)



64 YS Adachi er al.
(@) 120 - (b) 120 - Fig. 2 Relationships between
@] o) peak inspiratory flow rates (PIFR),
&) = peak expiratory flow rates (PEFR)
- 100 -
= il O O ®) E o o and the subjects’ height. PIFR
£, %D% 2 Y L o 9] correlated significant, but weakly
3 & @% with (a,b) PEFR and (c,d) height
= e 00 O g 69 O (e) There was a strong relationship
& 605 O a 604 Q O@ © between PEFR and height.
& QQCO g &
2 40 £ 40 c O
b £
= _ o r=039 E 2. QO £ =040
- p<0.01 p<0.01
0 T T T T | 0 T T T T 1
40 80 120 160 200 240 40 80 120 160 200 240
PEFR (L/min) PEFR (L/min)
() 120 o (d) 120 -
00 ©
. 100 — i) 8 00 ’é‘ 100 +
g 8 £ O O
£ - ° 3§ e BEs3
= («:») = 8 O
£ 60 = 60 %D% O
& O i 5 O O
2 404 o= £ 40 QO
£-] o
9 Q r=033 E 20 & =035
p<0.05 p <005
0 T T 1 0 T T 1
80 100 120 140 R0 100 120 140
Height (cm) Height (cm)
(e) 240
200 @
E 160 C@O
@)
§~ Q. “O
S
= Sy
o ?3 O
&L’ r=066
p<0.001
40 T T 1
80 100 120 140
Height (cm)

flow of <60 L/min decreases the amount of medication, while
the Diskus is known as a lower-resistance inhaler because
there is little difference in the medication availability at an
inspiratory flow as low as 30 L/min.* In the present study all
the children except one generated an adequate PIFR through
the resistance for the Diskus, whereas approximately 30%
of the same children could not achieve adequate PIFR through
the resistance for the Turbuhaler. Although there was a strong
correlation in PIFR between two inhalers, PIFR through the

Diskus resistance is higher than that through the Turbuhaler
resistance, which might be due to Turbuhaler’s relatively
higher resistance. Pedersen et al. and Nielsen er al. evaluated
PIFR in younger children.*® They used a pneumotachograph
attached directly to an inhaler itself, and measured PIFR only
though a single inhaler (Pedersen er al., Turbuhaler; Nielsen
et al., Diskus). As a matter of practicality, it is important to
compare inhalers when DPI is going to be introduced to
younger children, and the In-Check Meter is useful for this
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purpose. Recently, van der Palen reported that an In-Check
DIAL, similar to the In-Check Meter, is useful for adults.’

Despite the fact that PIFR significantly correlated with
PEFR and height, these relationships are too weak to allow
PIFR to be predicted from PEFR or height in younger children.
Our correlation coefficients between PIFR and PEFR were
similar to those of previous studies, which were done in adult
subjects.*” Tantibhaedhyangkul er al. measured PIFR through
the Turbuhaler, and found that children with a height of 2113
cm were able to generate adequate PIFR for the Turbuhaler.™
Again our correlation coefficients between PIFR and height
were too low to declare the usefulness of child’'s height as a
marker of PIFR. One limitation of the present study is that our
subjects were only healthy children. It is undeniable that lung
function of preschool children with asthma might be lower
than that of healthy children. However, one of the aims of the
present study was to emphasize that peak inspiratory flow
should be assessed when introducing DPI to younger children,
not to demonstrate the effectiveness of these DPI. It is import-
ant to evaluate children’s ability to inspire through each inhaler,
and the In-Check Meter could be useful in clinical settings.
In everyday use of these effort-dependent inhalers, compliance
may often fail, and less than optimal PIFR can be expected.
Their inhalation technique should be checked not only in
the beginning, but also occasionally during the follow-up
period.
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Original Article

Theophylline metabolism in acute asthma with MxA-indicated
viral infection

Abstract
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Background: Although viral infection might alter theophylline metabolism in acute asthma, there are some
difficulties in detecting infection due to various kinds of viruses in a clinical setting.

Methods: To evaluate the usefulness of assessment of MxA protein in acute asthma exacerbated by viral infec-
tion, MxA protein expression in lymphocytes was assayed by flow cytometric analysis in whole peripheral blood
in 21 children (aged 0-6 years) receiving continuous theophylline infusion for management of asthma attack.
Serum theophylline levels were measured at 24 and 72 h after initiating theophylline infusion.

Results: At the beginning of theophylline infusion, 11 children had increased expression of MxA protein, indi-
cating viral infected states. After 24 h continuous infusion, there were no differences in theophylline levels
between MxA-negative and MxA-positive groups. After 72h infusion. the mean theophylline level of MxA-
positive children was significantly higher than that of MxA-negative children (9.7+2.2 pg/mL vs 7.3%1.6 ng/
mL). The ratio of theophylline clearance at 72h to that at 24 h in the MxA-positive group was significantly lower
than that of the MxA-negative group (1.1+0.2 vs 1.420.1).

Conclusions: Viral infection appeared to affect theophylline metabolism. Flow cytometric assay of lymphoid
MxA protein expression in whole blood is an easy and useful method of evaluating viral infection in acute
asthma exacerbation.

asthma. MxA protein, theophylline clearance, viral infection.

In the 1990s, theophylline use for acute asthma exacerbation was
no longer recommended due to adverse effects. However, the role
of theophylline in the management of acute asthma has recently
been reassessed, and there have been several pediatric studies
showing the effectiveness of theophylline infusion for severe
asthma exacerbation.' ' Although further evaluation is needed to
verify the usefulness and safety of theophylline, 1t could be useful
for the treatment of asthma attack in some situations. Meanwhile.
there are concerns about adverse effects of theophylline because
of its relatively narrow therapeutic range and because its metab-
olism may be altered by various disease states.*

Some viruses have been shown to decrease theophylline
clearance.”" Virus infection also has been known to induce acute
exacerbation of asthma.™ Taken together, it is important to
detect viral infection before using theophylline for the treatment
of asthma attack. Identification rates of viral infection in asthma
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attacks vary depending on the methods used. Although polymer-
ase chain reaction (PCR) is the most sensitive method for
detecting viral infection, it is not practical in the clinical setting
because many kinds of virus can exacerbate asthma. Recently it
has been reported that expression of MXA protein. one of the
type I interferon (IFN-w/B)-induced proteins, is a useful marker
to discriminate viral infections from hactenal diseases.”"" In the
present study we have analyzed MxA protein levels in the
peripheral blood mononuclear cells of children with acute
asthma attack during continuous theophylline infusion. We will
show the effect of viral infection on theophylline metabolism,
and the usetulness of flow cytometric analysis of MXA protein
expression for children with asthma exacerbation.

Materials and methods

Subjects

A total of 32 asthmatic children who were admitted to Univer-
sity of Toyama Hospital and Toyama Red Cross Hospital for
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exacerbation of asthma were enrolled. Exclusion criteria in-
cluded a history of cold; respiratory tract infection; or acute
asthma exacerbation within the previous 2 weeks; and other
organ symptoms such as vomiting or diarrhea. All of the sub-
jects were treated with intermittent inhalation of B2-agonists
and continuous intravenous aminophylline infusion at a con-
stant dose for at least 72 h after admission. The study was con-
ducted according to the ethical standards of University of
Toyama. Eleven children were excluded because theophylline
doses were changed because of their clinical course. Finally,
in 21 eligible children with acute asthma exacerbation, serum
theophylline levels and lymphoid MxA expression were
assayed at 24 and 72 h after continuous theophylline infusion.

Theophyliine infusion

After an initial loading dose of 2-4 mg/kg aminophylline was
given i.v. for 2h, approximately | mg/kg per h aminophylline
was infused continuously for at least 72h. Peripheral blood
was drawn after 24 and 72h after starting the infusion, and
serum theophylline levels were assayed by enzyme immuno-
assay. Theophylline clearance was calculated as follows:
clearance (mL/min per kg) = {infusion rate of aminophylline
(pg/min per kg) x 0.8 }/serum theophylline level (pg/mL).

Analysis of MxA protein expression in
peripheral lymphoid cells

MxA expression was examined at the beginning of theophyl-
line infusion and the third day of the admission, by using a
flow cytometric method. MxXA protein expression in lympho-
cytes was evaluated according to the previously described
method, vsing whole blood.® Briefly, 3-500uL of venous
blood was drawn in heparinized tubes, and 200 pL. of the whole
blood samples were first fixed with 1 mL of 4% paraformalde-
hyde in phosphate-buffered saline (PBS) for 15min at room
temperature. After twice washing with PBS. mononuclear
cells in the whole blood were permeabilized in 3mL of 0.1%
Triton X-100 in Tris-buffered saline (pH 7.4) with 1% bovine
serum albumin for 15min. During this procedure, red blood
cells in the whole blood were lysed. After washing in PBS
with 1% fetal calf serum and 0.1% sodium azide, these fixed
and permeabilized mononuclear cells were reacted with anti-
MxA monoclonal antibody (KM 1135, Kyowa Medex, Tokyo,
Japan) or control mouse leGl (Dako, Kyoto, Japan) for 20 min
on ice. After washing, the cells were incubated with fluores-
cein isothiocyanate-conjugated goat anti-mouse 1gG 1 antibody
(Southern Biotechnology Associates. Birmingham, AL, USA)
for 20 min. The stained cells were analyzed on a flow cytometer
(EPICS XL-MCL: Beckman Coulter, Tokyo, Japan). MxA
expression was analyzed for lymphoid cells gated by the for-
ward and right scatters on a flow cytometer.
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Statistics

All results are given as mean+SD. Statistical comparison of
the mean values was performed by Wilcoxon signed-ranks test
or Mann-Whitney’s test. Differences in the number of the
subjects between two groups were estimated by x’ analysis.
P < 0.05 were considered statistically significant.

Results

Children were divided into subgroups according to MxA pro-
tein expression in peripheral blood lymphocytes on adnussion
day: MxA-positive (n=10) and MxA-negative (n=11). We
adopted a cut-off level determined with the results of cord
blood samples from non-complicated delivery of full-term
pregnancy.” There were no significant differences in charac-
teristics between the two groups (Table 1). After 72 h infusion,
there were no children whose MxA result changed from nega-
tive to positive, or vice versa.

After 24 h continuous infusion. there were no differences in
theophylline levels between the MxA (—) and MxA (+) groups.
After 72h infusion, the mean value of the MxA-positive theo-
phylline levels was significantly higher than that of the MxA-
negative children (9.7+2.2pg/ml. vs 7.3+ 1.6 pug/mL, P<0.05,
Fig. 1). During the continuous infusion, theophylline clearances
of most patients increased. However, in the MxA-positive group
the ratio of theophylline clearance at 72h to that at 24h was
significantly lower than that of the MxA-negative group
(1.1£0.2vs 1.4+0.1, P<0.05. Fig.2). Regarding clinical course
of the subjects, there were no adverse effects such as nausea or
irritability in both groups, and there was no significant ditfer-
ence in duration of hospital stay between the two groups.

Discussion

In the present study we showed that viral infection detected
by elevated MxA protein induction, affects theophylline

Table 1  Subject characteristics

MxA protein

Negative (n=10)  Positive in=11)
Age (years) 313 gt o F o i) NS
Bovs (%) Y (90.0) 9(81.8) NS
Body temperature 4 (400 3{27.3) NS
>37.5°C (%)
CRP >0.5 mg/dL (%) 7 (70.0) 7163.6) NS
Aminophylline dose 12.9+1.5 13519 NS

(pg/kg/miny

CRP, C-reactive protein: NS, not significant.
MxA protein expression i peripheral lvmphoid cells was
analyzed as described in Methods.
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Fig. 1 Changes in serum theophylline level. After 24 and 72h
continual infusion, theophylline levels were assayed by enzyme
immunoassay. MxA protein expression in peripheral lymphocytes
was analyzed as described in Methods. *P<0.05, **P<0.01.
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Fig.2 Rauo of theophylline clearance at 72h to that at 24 h after
introducing continuous infusion. Theophylline clearance was cal-
culated with serum theophylline level, bodyweight. and infusion
rate. MxA protein expression in penipheral lymphocytes was ana-
lyzed as described in Methods. *P<0.05.

metabolism in children with acute asthma exacerbation. It is
known that several disease states decrease theophylline clear-
ance: heart failure, liver dysfunction, and hyperthyroidism.*
Regarding the effect of viral infection on theophylline metab-
olism, Chang er al. showed that asthmatic children with
influenza A and adenovirus infection had a longer theophyl-
line plasma half-life during acute infection than 1 month

afterwards.® Kraemer et al. reported that 11 children who had
been controlled with a stable theophylline dose developed theo-
phylline toxicity on the same dose during the 1980 influenza B
outbreak.® In contrast, respiratory syncytial virus infection had
no effect on theophylline metabolism of children between 6
and 48 months of age."

We used MxA protein as a marker for viral infection. Human
MxA, a 76 kDDa protein, is a guanosine 5 -triphosphatase
present in the cytoplasm,'? and its antiviral activities have been
reported against several kinds of viruses such as influenza A"
measles,' and parainfluenza type 3." Induction of MxA protein
in human mononuclear cells is regulated exclusively by type [
IFN.'"* Although various kinds of cytokines are involved with
asthma,'” there have been no data showing increased produc-
tion of type I IFN in acute exacerbation. Therefore, MxA
protein could be primarily induced by viral infection, not
secondarily by other cytokines associated with allergic inflam-
mation. Although the role of viral infection in developing acute
exacerbationofasthmahasbeen well-documented, identification
rates of viral infection in asthma attacks are various, depending
on the methods used. We previously evaluated the association
of viral infection with asthma attacks, and found that approxi-
mately 50% of children exhibited elevated levels of MxA
expression in lymphocytes, presumably indicating the viral
infected states.® The present study showed the effect of viral
infection on theophylline metabolism. The mechanisms by
which virus infection affects theophylline metabolism is not
clear. Although elevated body temperature and increased
C-reactive protein level have been reported to reduce theophyl-
line clearance,'® the present study showed that these factors had
no effect, and MxA expression was found even in afebrile chil-
dren. Interestingly, Jonkman et al. showed that theophylline
clearance was decreased by the administration of IFN-«, known
as an inducer of MxA protein.'” Taken together, we could spec-
ulate that viral infection stimulates the synthesis of type I IFN,
which induces MxA protein and affects theophylline metab-
olism. In the non-infected group, serum theophylline levels were
decreased over time during 72 h infusion, despite the constant
infusion rate. Kubo er al. reported similar finding and listed
several candidates such as dehydration, hypoxia, and acidosis,
but they could not find any association between these candi-
dates and theophylline clearance.” In the present study there
were no differences between the two groups regarding these
factors. We think that viral infection-induced IFN-a could dis-
turb acceleration of theophylline metabolism, which might
occur during theophylline infusion.

The aim of the present study was not to discuss the effective-
ness or indication of theophylline use for asthma attack. Recently,
the role of theophylline in the management of severe asthma
exacerbation has been reassessed, and there are several papers
showing its usefulness.” * Viral respiratory tract infection is one
ofthe important triggers for acute asthma exacerbation, especially
severe attack leading to hospital admission in both children and
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adults.”’ Taking this together with our results, it is important to
evaluate whether a child has developed a viral infection or not.
before introducing theophylline infusion, in order to prevent the
occurrence of adverse effects such as vomiting and seizure.

In conclusion, viral infection affects theophylline metab-
olism in children with acute asthma exacerbation. Flow cyto-
metric assay of MxA protein expression in whole blood
appears to be an easy and useful method to evaluate viral in-
fections in acute asthma exacerbation.
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