EDITORIAL

Tuberculosis transmission

Molecular epidemiology unmasks the
tubercle bacillus: new techniques reveal
new aspects of virulence

P D O Davies

Molecular methods show that TB is being transmitted with

surprising efficiency

Thorax show how the use of strain

typing of Mycobacterium tuberculosis
can reveal new aspects of tuberculosis
(TB) transmission.' > The study by
Ruddy ef al,' based around an outbreak
of isoniazid resistant TB in north
London, shows that a single outbreak
can extend over many years and affect a
broad range of individuals including
medical staff. The second study by
Hernandez-Gardufio ef al’ suggests that
sputum smear negative disease can have
an appreciable transmission rate.
Although molecular epidemiology can
unmask the problem, solutions may be
more difficult to develop.

Two papers in this month’s edition of

OUTBREAK OF ISONIAZID
RESISTANT TB
Using IS6110 restriction fragment
length polymorphism (RFLP) analysis,
at the time of writing Ruddy ef a/ had
identified over 70 cases, ominously
adding that, on epidemiological model-
ling, the peak had not yet been reached.
Initial estimates by the end of December
2003 suggest that the outbreak may
already have reached 132 (Dr Helen
Maguire, personal communication).
This is the biggest outbreak ever
identified in the UK, although not from
a single point source, as was the more
spectacular Leicester outbreak.’ The out-
break of isoniazid resistant TB in north
London reported by Ruddy and collea-
gues seems to have been largely among
groups of young adults of mixed ethnic
backgrounds, particularly black
Caribbean and white, although some
were of business or professional back-
grounds. Drug misuse and/or prison
detention were common to many cases.
Although the association between
prison and TB has been well established
in countries such as Russia and the
USA,*” this is the first prison outbreak
to be documented in the UK. We have
previously been quite proud of our
record of keeping TB out of prisons.®
Now that record has been spoilt and
may never be restored.

The Home Office has sometimes been
reticent in joining the fight against TB
but, as has been demonstrated else-
where, prison is a continuum of the free
society outside the prison walls and
infections are neither confined within
or without.”* Greater continuity of
health care between prison and com-
munity will probably be achieved now
that primary care trusts rather than the
Home Office are responsible for prison
health.

Drug misuse and poor adherence to
treatment frequently go hand in hand,
and a point made poignantly by Ruddy
and colleagues is that almost a quarter
of the cases had been unreliable in
taking treatment, despite frequent fol-
low up visits by specialised TB nurses.
Two important methods of helping
patients to comply with treatment arise
from the paper but are not specifically
referred to—namely, directly observed
therapy (DOT) and special hospices or
hostels for patients while on treatment.

New York, faced with a situation of
similar proportions, invested huge
amounts of money in setting up new
facilities for TB treatment which
included dedicated DOT workers at
virtually one per patient and inpatient
facilities, even using an island off the
shore of New York for compulsory
detention.” ' But the cost of controlling
the epidemic was enormous, estimated
at several billion dollars or approxi-
mately $20 000 per case cured. DOT
workers need not be expensive if friends
or former patients can be employed. One
aspect of health care that we have lost in
the last generation of hospital staff is
patient centred user friendly TB wards
not dissimilar to hospices. The enor-
mous sums we have spent on negative
pressure rooms for the treatment of
drug resistant disease in our hospitals
has made us forget the need to treat
patients in a friendlier environment. The
current recommendation for treatment
of isoniazid resistant TB is for a year."
No one would wish to stay behind a
double door for so long, but a bungalow
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in a pleasant setting may persuade a
reluctant patient to stay for some or all
of the duration. They would be receiving
free food and, as long as the law was not
overtly broken, staff might be persuaded
to turn a blind eye to some of the less
medically safe habits in which patients
might indulge, as long as they were
present at the once daily drug round.
We once had such a ward in Liverpool
until it was closed by the management
without discussion while I was on holi-
day.

In the atmosphere of politically moti-
vated competition between hospitals,
one wonders whether one hospital in
(say) four in a city such as London could
be persuaded to open such a ward. The
presence of this type of ward may
completely dispense with the need to
consider compulsory detention. As the
authors point out, there is no clear and
rapid system for bringing extra
resources to bear on such a situation.
It must be hoped that the new govern-
ment initiative ““Getting Ahead of the
Curve” can be implemented."

At present this ongoing outbreak
represents a worrying development in
the breakdown of UK public health
services. Ruddy et al suggest that treat-
ment should be supplied free of charge.
If patients could be given the drugs free
of charge at the clinic when they attend,
the potential for breakdown in drug
taking between the clinic and the
patient’s home would be eliminated.

Two messages come clearly from this
paper. Firstly, a relatively new virulent
strain of M tuberculosis is being trans-
mitted across ethnic, cultural, and
financial boundaries. Secondly, those
who are battling to control the infection
have insufficient resources to do so.

TRANSMISSION OF TB FROM

SMEAR NEGATIVE PATIENTS

The paper by Herndndez-Gardufio ef al’
from Western Canada poses another
worrying, if less immediate, problem.
Traditionally we have regarded smear
negative TB as posing almost no risk of
infectivity. Historical studies have sug-
gested that there is very little risk of co-
householders of such a case developing
disease.” The tendency over the last
decade has been to downgrade contact
tracing as cases of TB have been declin-
ing in most areas of the country with
the notable exception of London, con-
centrating instead on contacts of smear
positive cases only."'* Using the same
1S6110 insertion sequence to identify
the strain type, the authors suggest that
one sixth of 791 patients identified with
culture positive pulmonary and/or extra-
pulmonary TB received infection from a
sputum smear negative case. Unlike an
earlier study by Small ef a/ from San
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Francisco'” which found that 17% of TB
cases were due to smear negative
transmission, Herndndez-Garduno et al
have included cases with extrapulmon-
ary disease. They hypothesise that
patients who appear to have extrapul-
monary disease alone could be transmit-
ting tubercle bacilli by previously
undetected sputum smear negative
transmission.

The methods used to ensure that
apparent smear negative transmission
could not have been caused by smear
positive transmission appear rigorous.
One theoretical confounding factor
which the authors do not seem to have
considered is the possibility that a smear
negative patient at the time of diagnosis
may have been smear positive earlier on
in the disease. As the historical data
suggest that 25-50% of untreated
patients with pulmonary TB healed
spontaneously, this remains a possibi-
lity. The finding that one sixth of the
cases were due to smear negative
transmission is remarkably similar to
that of the earlier San Francisco study."”
The fact that half of all patients with TB
have never, to their knowledge, been in
contact with a case of TB (so called
“casual transmission”) perhaps adds
some weight to this evidence.'®

If this is true, what are the implica-
tions for TB control? Firstly, it means
that it is going to be much harder to
eliminate TB in low prevalence settings
than we had hoped. Secondly, we may
have to revise our contact tracing
procedures to include more extensive
screening of contacts of smear negative
cases, particularly if these may be

Parental smoking

immunocompromised in any way.
Thirdly, the implication for the provision
of adequate resources for TB control in
low prevalence settings is made clearly
in the paper by Ruddy ef al.

CONCLUSIONS

The wuse of molecular methods for
studying the epidemiology of TB is
proving to be a two edged sword.”
Unlike the dilemma of Pooh who found
that the more he looked for Piglet in
Piglet’s house without finding him the
more Piglet wasn’t there,” the more we
look at TB with this methodology the
more we find it is there or, at least, is
being transmitted with surprising effi-
ciency. The implications for resources to
improve TB control are evident. Unless
we can convince our political masters
that this is the case, we will have to
stand by and watch as things get worse.

Thorax 2004;59:273-274.
doi: 10.1136/thx.2003.020081
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Effects of parental smoking on the
respiratory health of adults

M N Upton

Further evidence that parental smoking may have long term effects
into adulthood on the respiratory health of offspring

paper on passive smoking by Cook
Aand Strachan' published in a

Thorax review series in 1999
reported odds ratios (OR) for childhood
lower respiratory tract illnesses, respira-
tory symptoms, and middle ear disease
of 1.2-1.6 for either parent smoking, the
risks usually being higher in pre-school
children than in children of school age.
The review concluded that parental
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smoking was causally associated with
impaired lung function in children, but
found inconsistent evidence linking
parental smoking to allergic sensitisa-
tion and suggested that evidence linking
maternal smoking to bronchial hyperre-
sponsiveness (BHR) may have arisen
from publication bias.'

There is little information from follow
up studies about the effect on adult
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health of exposure to parental smok-
ing,>’ which is understandable given
the logistical difficulties of following
individuals for many decades from
birth. In this issue of Thorax Svanes
and colleagues take a short cut and
report cross-sectional results from the
European ~ Community  Respiratory
Health Survey (ECRHS) linking recalled
information about parental smoking to
respiratory symptoms, asthma, forced
expiratory volumes, and BHR in up to
18 688 adults aged 20-44 years from 37
centres in 17 countries.”

For men and women overall, mater-
nal smoking was positively associated
with wheeze (OR 1.12), with a compo-
site variable of three or more asthma
symptoms (OR 1.14), but not with
current asthma. Because of the large
sample, 95% confidence intervals were
narrow and excluded unity despite
excess risks of wheeze and asthma
symptoms being low. The possibility
that such weak effects may be due to

uBLAdo Aq paldaloid 1sanb Ag 120z ‘0T [udy Uo /o9 [wg xeloy//:dny woly papeojumMoq ¥00Z U2IBIN 92 UO 278T0°€00Z XUYIETT 0T Se paysiiqnd 1Sy :Xesoy L


http://thorax.bmj.com/

EDITORIAL

confounding should be considered,
although similar sized effects were
found in never smokers. Maternal
smoking was associated with a forced
expiratory volume in 1 second (FEV;)
24 ml lower and ratio of FEV, to forced
vital capacity (FEV,/FVC) 0.5% lower,
but not with differences in FVC or BHR.
The effects of maternal smoking were
greater in subjects whose mothers
smoked in pregnancy but, as the
authors acknowledge, this is an unreli-
able conclusion when exposure infor-
mation is obtained by offspring recall.
Overall, there was no effect of paternal
smoking on any outcome.*

Several lines of evidence suggest that
maternal smoking in pregnancy is a
cause of childhood wheezing illness,
especially transient early wheeze.” ®
However, mothers who smoke in preg-
nancy almost invariably smoke after-
wards, so it is difficult to separate a
potential role for maternal smoking on a
causal pathway leading to a wheeze
related phenotype from its action as an
environmental trigger. The finding by
Svanes et al that maternal smoking may
increase wheeze in never smokers,
despite adjustment for current passive
smoking, supports a causal link between
maternal smoking and wheezing pheno-
type(s).

Does an estimated 10% excess risk of
wheeze matter? The prevalence of
maternal smoking varied widely in the
ECRHS but was over 40% in Denmark,
Iceland, and the English speaking cen-
tres.* We can estimate the population
attributable risk (PAR) of adult wheeze
due to maternal smoking in these latter
centres to be 4-5%, which is the amount
of wheeze that could be prevented if
maternal smoking was abolished. Public
health interventions that halved the
prevalence of maternal smoking in these
centres would therefore prevent about
2% of wheeze in adults aged 20-44,
which seems modest, even allowing for
possible underestimation of main effects
by this study. This figure ignores the
influence of parental smoking on the
smoking behaviour of offspring,’
although not all studies have found a
link between smoking by parents and
offspring.®

Before considering subgroup analyses,
the strengths and weaknesses of the
study should be considered. Strengths
include precision of effect estimates
from the large sample, standardisation
across centres of exposures and outcomes,
and the capacity to test for heterogeneity
across multiple sociocultural settings.
This last feature offers some safeguard
that the associations in question are
not confounded by unmeasured or
poorly measured alternative risk factors,
assuming that the confounding structure

of known and unknown risk factors
varies between populations. As with
some other studies,’"' reliance on off-
spring reports of parental “ever” smok-
ing is a weakness because this may be
subject to differential (recall bias) and
non-differential (random) error, and
provides no information about the inten-
sity, duration, or timing of exposure
during early life and childhood.

The authors could not test the accu-
racy of recalled information about par-
ental smoking in their study. However,
it seems reasonable to assume that most
adults can remember whether their
mother or father had smoked regularly
during their childhood. This is sup-
ported by unpublished findings from
the Midspan family study" in which
parents aged 45-64 reported their smok-
ing habits in 1972—6 and adult offspring
aged 30-59 answered a question about
maternal smoking in 1996: “From
memory, did your mother ever smoke
cigarettes regularly?”” The same enquiry
was made about paternal smoking, both
questions being similar to those in the
ECRHS. In both studies nearly all par-
ticipants responded positively or nega-
tively about maternal (ECRHS 97%,
Midspan 99%) and paternal (ECRHS
93%, Midspan 99%) smoking, despite
being offered the opportunity of answer-
ing ““don’t know” (ECRHS) or “not sure”
(Midspan). In the Midspan study there
was good agreement between pre-
recorded and recalled maternal smoking
(x = 0.87, p<0.0001) and paternal smok-
ing (x=0.70, p<0.0001).

The latter study also illustrates the
consequences of concatenating pre-
recorded information about different
intensities of current and former mater-
nal smoking into a single binary vari-
able—maternal ever smoking. Compared
with adult offspring whose mothers
were never smokers, offspring whose
mothers were former smokers or current
smokers of 1-14, 15-24, and =25 cigar-
ettes per day had FEV, differences of
—44, —15, —108, —156 ml, respectively
(p<<0.0001 trend for never/current mater-
nal smoking)."” The difference in FEV,
associated with maternal ever smoking
was —67 ml (95% CI -106 to —28) using
pre-recorded exposure and —61 ml (95%
CI —99 to —23) using recalled exposure
(M N Upton, unpublished finding). The
main limitation when using recalled
exposure therefore seems to be loss of
dose-response. There is also a small
degree of attenuation of effect, probably
from non-differential error.

The estimate by Svanes ef al for the
effect of maternal smoking on adult
FEV, (—24 ml) lies within the 95% con-
fidence interval for the Midspan esti-
mate using recalled exposure. It seems
unlikely that such a small decrement
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would be relevant to the risk of COPD
unless the FEV; deficit increases over
time, perhaps by interacting with perso-
nal smoking. Svanes ef al report that
there were no significant interactions
between maternal and personal smok-
ing in their study, unlike findings in the
Midspan family study where maternal
and personal smoking synergised to
increase airflow limitation.”” Possible
reasons for differences between the
studies include the older age of
Midspan subjects and perhaps a stron-
ger exposure ‘“signal” in Midspan
because of the availability of pre-
recorded information about the inten-
sity of maternal smoking.

The review by Cook and Strachan
published in Thorax concluded that
samples of at least 2000 were needed
to detect effects of parental smoking in
children, judged by the absence of
publication bias in studies recruiting
more than 2000 subjects.' According to
this view, the study by Svanes et al
should have sufficient power to detect
effects of parental smoking in sub-
groups as large as this. However, this
assumes not only that the effects of
maternal smoking detected in children
do not wane over time, but also that the
signal-to-noise ratio of the main expo-
sures (maternal or paternal smoking)
match those in the studies of children
included in the reviews. Both assump-
tions may be questioned, the latter
because of the previously mentioned
limitations around the assessment of
parental smoking using offspring recall.

This may be a reason why some main
effects in the subgroups in the study by
Svanes et al did not reach conventional
levels of statistical significance, despite
large samples and similar point esti-
mates. For example, the effect of mater-
nal smoking on FEV, was similar in
men (—22 ml) and women (—24 ml),
whereas 95% confidence intervals
included zero in men but not women.
When the main effects are relatively
weak, it is not surprising that 95%
confidence intervals estimated using
regression  (or logistic regression)
include zero (or unity) when the data
are divided further. There was no evi-
dence from heterogeneity tests that the
effects of maternal smoking on symp-
toms or lung function differed between
men and women. It is a pity that the
ECRHS did not record forced expiratory
flows because, in children, parental
smoking has greater proportional effects
on forced expiratory flows than on
volumes' © and such measurements
may have increased the study’s power,
assuming that the decrements in ques-
tion persist as offspring age.

In contrast to findings for maternal
smoking, there was evidence that the
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effect of paternal smoking differed
between men and women, but only on
the risk of wheeze (OR 1.13 for men,
OR 0.95 for women, heterogeneity
p =0.033). Despite claims made to the
contrary, there was little evidence that
paternal smoking adversely affected
lung function in men in the study by
Svanes ef al (table 4).* 1t is difficult to
interpret the dose-response effect of
number of parents smoking on lung
function in the study, given the absence
of effects of paternal smoking on lung
function. Without information on the
intensity of parental smoking, it is not
possible to exclude the possibility that
smoking intensity was higher in
mothers whose partners smoked. It is
also relevant that there was a similar
size dose-response effect of number of
parents smoking on FEV,/FVC impair-
ment in men and women. The authors
suggest that their results are consistent
with age windows of particular vulner-
ability that differ by sex. This is an
attractive hypothesis,® "* but the only
convincing sex differences in their data
were effects of paternal smoking on
wheeze in men only.

Another strength of the study is the
objective evidence of atopy. Maternal
smoking was associated more strongly
with wheeze in non-atopic (OR = 1.23)
than in atopic (OR = 1.04) subjects, a
difference supported by heteroge-
neity tests. It is interesting that there
appeared to be a greater effect of mater-
nal smoking on wheeze in non-atopic
subjects, without a correspondingly
greater deficit in airflow limitation and
without evidence of an effect of mater-
nal smoking on BHR. It seems possible
that there are a number of mechanisms
underlying wheeze associated with
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maternal smoking. Although mater-
nal smoking does not seem to have a
large effect and impact on adult
wheeze, it may perhaps be a tool to
explore the pathogenesis of non-atopic
asthma which is underdiagnosed” and
under-researched,' yet has a large
impact.

There is already substantial evidence
that parental smoking, particularly
maternal smoking, adversely affects
the health of infants and children.'®
There is little need for further data to
justify public health efforts to reduce the
exposure of offspring to passive smok-
ing before or after birth. The study by
Svanes ef al* adds to the evidence that
parental smoking may have longstand-
ing effects into adulthood on the
respiratory health of offspring, and
allows us to generalise evidence ‘““that
something is going on” from the limited
studies that have so far been conducted
in adults.?® >~ ' However, current evi-
dence is insufficient to assess the
clinical significance of the different
effects reported in adults or to under-
stand how exposure to maternal and
paternal smoking at different times
before and after birth integrates to cause
longstanding changes in lung structure
and function.

Thorax 2004;59:274-276.
doi: 10.1136/thx.2003.018424
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Outdoor aeroallergens in asthma exacerbations

Role of outdoor aeroallergens in
asthma exacerbations: epidemiological

evidence
R W Atkinson, D P Strachan

Confounding factors complicate the interpretation of time series
studies in examining the role of outdoor aeroallergens in asthma

exacerbations

espite historically low levels,
Doutdoor environmental pollutants

such as nitrogen dioxide, sulphur
dioxide, and particulate matter are
thought to play a role in exacerbating
asthma. Much of this evidence comes
from ecological “time series” studies
that use sophisticated statistical
methods to examine temporal associa-
tions between daily counts of asthma
attacks and daily levels of air
pollution at the population level. A good
example of this type of study is the
multi-city European study APHEA (Air
Pollution and Health: an European
Approach).'* Panel studies have also
investigated  temporal  associations
between daily outdoor air pollution
levels and asthma but wuse the
symptoms, lung function and medica-
tion use of individuals as the health
status  indicators. The  multi-city
equivalent in panel design is the
PEACE study (Pollution Effects in
Asthmatic ~ Children in  Europe).
However, it failed to find statistically
significant associations between
particle measures, sulphur dioxide and
nitrogen dioxide and respiratory symp-
toms, peak expiratory flow and medica-
tion use.’

Only a relatively small number of
studies have wused the time series
approach to investigate the health
effects of aeroallergens at the popula-
tion and individual levels. Some studies
of air pollution have included pollens
and fungal spores as potential confoun-
ders,*” while others have been designed
specifically to investigate the health
effects of aeroallergens.*'* The conclu-
sions from this latter group are incon-
sistent—some report significant effects
of pollens and spores and others do not.
This inconsistency may be because there
is no real association or because of
methodological problems associated
with this type of study.

METHODOLOGICAL PROBLEMS
WITH TIME SERIES STUDIES

Pollen distribution

One methodological problem faced by
researchers using time series designs is
that the appropriate exposure-response
curve for an effect of aeroallergens on
asthma exacerbations is not known.
Many pollen species have defined sea-
sons, with high counts during these
seasons and none for the remainder of
the year. Their skewed distributions
present the analyst with particular
statistical challenges. One approach is
to divide study days into groups defined
by the percentiles of the pollen or spore
distribution. At its simplest level, this
approach can examine the health effects
of aeroallergens by comparing days with
zero aeroallergen counts with days with
non-zero counts. By subdividing the
study days into more groups, the
method can reveal possible threshold
values. For example Lewis ef al'' exam-
ined the linearity of the effect of
aeroallergens by dividing the daily
counts of A&E visits and admissions
for asthma by tertile of aeroallergen
counts plus a further group for days
when counts were zero. They found
stronger effects of grass pollens on days
above the third tertile (when accompa-
nied by thunderstorm activity). A simi-
lar finding was made by Salvaggio and
co-workers." Newson ef al'” found that
the number of epidemics of asthma was
over-represented on high pollen days
(>50 grains/m’ per day) compared with
low pollen days or days with zero pollen
counts. However, Dales et al® assessed
the linearity of the effect of pollen
counts (classified as weeds, grasses and
trees) on emergency visits for asthma to
a children’s regional hospital in Ontario
and found no evidence for non-linearity.
Whereas it is important to explore
possible departures from a linear concen-
tration-response relationship, individual
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studies quoting a specific threshold of
effect should be interpreted with cau-
tion because such analyses are often
“post hoc” (or data driven).

Meteorological conditions
Meteorological conditions may also con-
tribute to the apparent inconsistencies
in the results of time series studies of
the health effects of aeroallergens. The
weather may act as an effect modifier by
interacting with aeroallergen levels.
Salvaggio and colleagues' studied
admissions for asthma in New Orleans
in relation to total spore and pollen
counts at three different levels of
humidity. They found that the percen-
tage of high asthma admission days
increased on days with low or inter-
mediate levels of humidity but not on
days of high humidity. In a synoptic
evaluation of asthma hospital admis-
sions in New York, Jamason and co-
workers' found that the impact of
weather conditions varied according to
season (greatest effect in autumn and
winter), although they found no evi-
dence of an effect of pollen on asthma
admissions in any season.
Meteorological conditions may also
have a significant indirect role on asth-
matic subjects by permitting the clear-
ance or build up of outdoor allergens."
In most ecological time series studies of
asthma exacerbations and environmen-
tal factors (aerobiological and air pollu-
tion) a direct effect of the weather is
studied. Temperature and relative
humidity are the most common mea-
sures although others also include rain-
fall, barometric pressure, and wind
speed and direction. Low temperature'®
and relative humidity® '* ' are most
commonly associated with independent
effects on asthma admissions. The evi-
dence for an effect of rainfall is
mixed.”" ' For instance, thunderstorms
have been associated with asthma epi-
demics.'”"? *** One possible explana-
tion is that the humidity preceding a
thunderstorm, or rainfall during a
thunderstorm, leads to the break up of
pollen grains releasing starch granules
that are then circulated (together with
fungal spores if present) by the excep-
tional meteorological conditions.**

Air pollution

The possible role of air pollution in
confounding or modifying the effects
of pollen is of particular interest. A
number of studies have investigated the
possibility that pre-exposure to air pol-
lution sensitises individuals to the effect
of aeroallergens.”*’ These clinical stu-
dies have not been supplemented by
many epidemiological studies. Lewis ef
al''  examined possible interactions
between air pollution and both pollens
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and spores but failed to find evidence
for a synergy between these environ-
mental factors in causing daily asthma
admissions and A&E attendances in
Derbyshire, UK.

Coincident aeroallergen exposure
Similar seasonal patterns for aeroaller-
gen species can make it difficult to
disentangle the separate health effects
of individual pollens or spores. The co-
linearity in the statistical model pre-
vents any one factor being identified as
the causative agent and also can lead to
an underestimation of the potential
health effects. This is well illustrated
by a recent study by Tobias et al.'®
Their data showed two clearly defined
peaks in the daily number of
admissions for asthma that coincided
with spikes of high concentrations of
Poaceae and Plantago in the atmosphere.
However, in one of the years studied
both pollens reached concentrations
above the 95th percentile (only just for
Poaceae), but without a noticeable effect
(by eye) on asthma admission numbers.
Heavy rain during the pollen season was
thought to have suppressed both the
size of the pollen peaks and their
duration.

CONCLUSIONS

The paper by Tobias and colleagues is
important because it suggests that
exposure to (grass) pollen in the atmo-
sphere can have serious health effects
for asthmatics. However, evidence from
other studies has been less striking. The
size of any health effect and the
existence of a threshold in the pollen
concentration at which this effect is
triggered are not clear. The possible roles
of meteorological conditions and other
environmental factors in determining
the nature of any health effects of
pollens are not fully wunderstood,
although it seems that thunderstorms
in particular are associated with striking
epidemics of asthma in which aeroaller-
gens may play a role. Further studies in
other locations with different environ-
mental situations are required to pro-
vide the wvariability in confounding
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factors and coincident exposures in
order to clarify which aeroallergen
species can have a detrimental effect
on the health of asthmatics and under
what conditions.
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