
Clinical implications

* Detecting urinary tract infection in early
childhood is important for preventing renal
damage
* Suprapubic aspiration of urine is considered
in Britain to be a difficult technique
* This study showed that use of ultrasound
guidance makes suprapubic aspiration in child-
ren and babies easy and safe
* Low bacterial counts were present in the
urine of two fifths of the children with abnor-
malities ofthe urinary tract
* Clinicians should regard low bacterial counts
as important

had vesicoureteric reflux. Secondly, few of the non-
bacteriuric specimens showed pyuria. All the children
from whom these specimens came were being investi-
gated for febrile illnesses. Thus the view that pyuria
often occurs as a non-specific response to fever seems
untenable. Two thirds of the children with sterile
pyuria were neonates, of whom many were premature
and many were taking antibiotics; the possibility of
bloodbome urinary tract infection, known to occur in
neonates,"3 is strong. Radiological abnormalities were
found in about a third of the children who were
investigated.

We suggest that clinicians should always seek an
explanation for sterile pyuria and should consider the
possibility of urinary tract infection if sterile pyuria
persists.
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Skin test reactivity and number ofsiblings
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Hans-Heinrich Thiemann

Abstract
Objective-To investigate the relation between

skin test reactivityin children andnumber ofsiblings.
Design-Cross sectional survey among school-

children aged 9-11 years. Skin prick tests in the
children and selfcompletion ofwritten questionnaire
by their parents.
Subjects-5030 children in Munich and 2623

children in Leipzig and Halle, Germany.
Main outcome measures-Atopic status assessed

by skin prick tests.
Results-After possible confounders were

controlled for, the prevalence of atopic sensitisation
decreased linearly with increasing number ofsiblings
(odds ratio=0-96 for one sibling, 067 for five or more
siblings; P=0005). In atopic children the severity of
the skin test reaction as assessed by the weal size
was not associated with the number ofsiblings.
Conclusions-Factors directly or indirectly related

to the number of siblings may decrease the sus-
ceptbility of children to become atopic. Thus,
declining family size may in part contribute to the
increased prevalence of atopic diseases reported in
Western countries over the past few decades.

Introduction
A strong inverse association between the number of

siblings and the prevalence of hay fever in British
children was reported by Strachan.1 As the presence of
older siblings had a stronger effect than the presence of
younger siblings, the author suggested that factors
such as viral infections early in life may prevent the

development of allergic sensitisation. His observations,
however, were based on parents' answers to a question-
naire. It could be argued that the effects observed may
have been affected by recall bias, as parents with many
children may not remember a relatively mild disease
such a hay fever as accurately as parents with only one
or two children.
The aim of this report was to investigate the relation

between the number of siblings and an objective
measure of atopic sensitisation in children living in
eastern and western Germany. We performed skin
prick tests in 9-1 1 year old schoolchildren in a survey in
Leipzig and Halle, East Germany, and Munich, West
Germany, and related these findings to answers
to a parental questionnaire on household size, socio-
economic status, and occurrence of disease.

Methods
STUDY AREAS AND POPULATIONS

In former West Germany, all fourth grade pupils
(n=7445) at all primary schools in Munich, a city of
about 1-3 million inhabitants located in the south-
western part of the country, were included in the
study. All schoolchildren (n=3105) attending the
fourth grade of a random sample of 39 schools in
Leipzig and of 23 schools in Halle were studied in
former East Germany. Leipzig, a city of about 535 000
inhabitants, is located in the southeastern part of the
country in close proximity (35 km) to Halle, a city of
about 300 000 inhabitants. These two cities are heavily
polluted due to private coal burning and industrial
emissions, whereas Munich has moderate industry but
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heavy car traffic.' In all three study areas, climatic
conditions are very similar.

Children in Munich were studied between Sep-
tember 1989 and July 1990 and children in Leipzig and
Halle were studied between October 1991 and July
1992. The main purpose of both surveys was to
determine the prevalence of asthma and allergies in
western and eastern Germany.6 Therefore, field
workers performing the skin prick tests were blind to
the hypotheses being tested.

QUESTIONNAIRE

A self administered questionnaire was distributed
through the schools to the parents. The questionnaire
had been developed according to intemational recom-
mendations.3 Questions concerning diagnoses and
typical symptoms of respiratory and allergic disorders
in the child and the parents were included. In addition,
the sociodemographic characteristics of the family,
such as the number of siblings, the parents' education,
and the presence of pets at home, were assessed by
questionnaire.

Parents were asked how many siblings their child
had; how many years of education the mother and the
father of the child had; whether there were pets at
home; who smoked in the household; and whether a
member of the family had ever had asthma, hay fever,
or eczema (atopic dermatitis). Children with one or
more first degree relatives with any of these diseases
were defined as having a family history of asthma or
atopy.

SKIN PRICK TESTS

The sensitivity to six common aeroallergens
(Dermatophagoides pteronyssinus, grass, birch and hazel
pollen, cat and dog dander) was assessed by skin prick
tests; the same multitest device (Stallerkit) was used in
all three study areas. Results obtained with this device
had been validated in a pilot phase in Munich.4 In this
pilot study, weal reactions obtained with the multitest
were compared with weal reactions elicited by the
puncture method using the same allergen extracts in
31 atopic and 33 non-atopic children. Validation of
results of skin tests by radioallergosorbent testing has
been reported and discussed elsewhere.4
A child was considered sensitised to a specific

allergen if a weal reaction of 3 mm or more to this
allergen was present, the reaction to the negative
control being previously subtracted from that to the
respective allergen. Children with a weal reaction
> 3 mm to one or more of the six allergens tested were
considered to be atopic.

STATISTICAL ANALYSIS

The prevalence of atopic sensitisation was calculated
for numbers of siblings in both West and East
Germany. The Mantel-Haentzel statistic was computed
to estimate statistical significance over all strata. A
regression analysis was used to assess the effects of
the number of siblings on the weal size of skin prick
test reactions in atopic and non-atopic subjects. A
categorical logistic regression model5 was used to assess
the independent effect of the number of siblings on
atopic sensitisation after possible confounders such

as a family history of asthma or atopy, sex, the
socioeconomic status of the family, the presence of pets
at home, and the study area were simultaneously
controlled for. To assess a linear trend for the predictor
variable, the logarithms ofthe odds ratio obtained from
the logistic regression were plotted against the different
levels of the predictor variable. Furthermore, linearity
was tested by comparing the goodness of fit X2 of the
categorical and linear model. If the fit of the data did
not deviate significantly from the linear model, the
slope of the regression line was obtained from a logistic
regression model that included the same predictor
variables plus the number of siblings as a scored
ordinal term. The 95% confidence intervals around the
regression line for each odds ratio were calculated on
the logarithmic scale using the technique proposed by
Rothman.6 Calculations of confidence intervals from
logistic regression when the risk decreases with
increasing "exposure" may be problematic.6 For this
reason, odds (and their confidence intervals) of being
"non-atopic" were first calculated from the logistic
model. To make results more intuitively understand-
able, reciprocals of these odds and their confidence
intervals are reported. The spss software package
version 4.0 was used for all computations.7

All study methods had been approved by the ethics
committee of the Bavarian Medical Association.
Informed consent for skin prick tests was obtained
from the parents.

Results
The questionnaire was distributed to 1854 children

in Leipzig, 1251 children in Halle, and 7445 children
in Munich. Parents of 1500 (80 9%) children in
Leipzig, 1134 (90 6%) children in Halle, and of 6537
(87-8%) children in Munich returned the question-
naire. The proportion of children without German
nationality was 0 5% (eight) in Leipzig, 0 3% (three) in
Halle, and 23-0% (1507) in Munich. To keep the study
populations as similar as possible with regard to ethnic
background, the analysis was restricted to children
with German nationality. As children in Leipzig
and Halle were very similar with respect to socio-
demographic characteristics, prevalence of respiratory
and allergic disorders, and results of skin prick tests,
data for these two populations were pooled. Of the
eligible German children for whom the questionnaire
was returned, skin prick tests were obtained in
2335 (89 0%) children in East Germany and 4451
(88-5%) children in Munich. Subjects not tested for
skin reactivity to allergens did not differ in their family
size nor in their family history of atopy from subjects
undergoing skin prick tests.

Atopic sensitisation is about three times as prevalent
in West Germany as in East Germany.8 Skin test
reactivity decreased significantly with age and was
more prevalent when the tests were performed in the
months January to May than in June to December
(data not shown). The table shows the prevalence of
atopic sensitisation in children with different numbers
of siblings in both study areas. After the study area was
adjusted for, the prevalence of atopic sensitisation
decreased significantly with increasing numbers of

Prevalence (%) ofatopy among children with different numbers ofsiblings in East and West Germany*

No of siblings

0 1 2 3 4 5

Prevalence (No/group) of atopy:
West Germany 36-1 (405/1122) 38-0 (859/2263) 36-5 (271/742) 31-7 (65/205) 28-6 (18/63) 25-0 (6/24)
EastGermany 19-4 (77/396) 17-7 (177/1001) 15-5 (44/284) 15-4 (14/91) 16-7 (5/30) 11-1(3/27)

x2= 4 0, P< 0 05 (Mantel-Haenszel test statistic over both strata).
*A complete data set was not available for every subject.
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siblings. This relation between number of siblings and
atopic sensitisation was similar in boys and girls (data
not shown). When cut off points of 4 mm and 5 mm
were used a similar, significant relation was found, but
when a weal size of , 2 mm was defined as atopy
the association disappeared. This finding may be
attributable to a better discrimination of atopic from
non-atopic children when a larger weal size is used as
cut off point. In atopic and non-atopic children, no
association was found between the weal size of the
skin prick test reaction and the number of siblings.
The relation of household size to atopic sensitisation

was further assessed in a multivariate logistic regression
analysis. The prevalence of atopic sensitisation was
significantly correlated with the number of siblings
(P= 0 005; figure) when various factors were controlled
for: family history of asthma or atopy (odds ratio= 1 6;
95% confidence interval 1-4 to 1-8; P<0-0001); male
sex (12; 1 1 to 1P4; P=0 0005); higher maternal
education (1*1; 0*9 to 1P2; P=04); maternal smoking
(0-8; 0 7 to 0 9; P= 0 02); the presence of pets at home
(0 9; 0 8 to 1P0; P=0 1), and the West German study
area (2-6; 2-1 to 3-2; P<0-0001). Controlling for age
and month of testing did not change the results.

Discussion
Our results suggest that factors directly or indirectly

related to the number of siblings decrease the sus-
ceptibility of children to becoming atopic. These
factors do not affect the severity of atopic sensitisation
as assessed by the weal size of the skin prick test
reaction in atopic subjects.
Our findings are consistent with an earlier report by

Strachan, who found a strong inverse correlation
between the number of siblings and the prevalence of
hay fever in British children.' He speculated that
declining family size, improvements in household
amenities, prevention of viral infectious diseases, and
higher standards of personal cleanliness-which are
characteristics ofwhat has been called Western lifestyle
-may be associated with the increase of atopic diseases
seen over the past few decades. The association was
stronger for older siblings than younger siblings. Our
data do not allow us to disentangle the effect of having
older or younger siblings on the development of atopic
sensitisation, since parents were asked only how many
siblings their children had. Therefore, if children with
older siblings are less susceptible to becoming atopic
than are children with younger siblings, our results
would probably have shown stronger effects had we
been able to study the association between sensitisa-
tion and number of older siblings separately from
that between sensitisation and number of younger
siblings.
The factors that cause a decrease in the prevalence of

atopic sensitisation with increasing numbers of siblings
are not known. However, firstborn children are usually
exposed to common infections after their enrolment
in kindergarten or school, whereas children born
subsequently are often exposed much earlier, through
their siblings. Thus, having more siblings may be
associated with an increased exposure to viral infections
early in life.9 Recent immunological studies support the
hypothesis of a downregulation of IgE production by
viral and bacterial infections.Y0-"2 It has been shown that
two mutually exclusive patterns of cytokine release are
produced by different clones of T helper cells, and it
has been suggested that a predominant activation of
TH 1-like T helper cells in the course of recurrent viral
or bacterial infections may prevent the proliferation of
TH2 clones and the development of allergic disease.'0
Our results suggest that having more siblings may
prevent the development of atopic sensitisation. Once
atopy is present, the number of siblings does not affect

Public health implications

* The prevalence of atopic diseases is on the
increase
* The development of hay fever has been
linked to decreasing number of siblings
* This study shows that an objective measure
of atopy (skin test reactivity) decreases with
increasing numbers of siblings
* Increased exposure to infections early in
life through siblings or socioeconomic factors
related to the family size may explain these
findings
* The increase in the prevalence of atopic
diseases over the past few decades may in part be
associated with decreasing family size and higher
socioeconomic status

the size of the skin reaction. It is thus possible that
factors associated with a larger number of siblings may
interfere with the process of allergic sensitisation in
early life. The size of the weal, on the other hand, may
depend on other genetic and environmental factors
such as degree ofexposure to allergens.
A higher number of siblings may not only reflect

an increased exposure to viral infections early in
life but may be related to other factors such as the
socioeconomic status of larger families, nutrition,
household amenities, or personal cleanliness.' In
addition to these environmental factors, inborn
differences between children of increasing birth order
may be important. Increasing parity is -associated
with changes in levels of sialic acid on neonatal
lymphocytes."3 Immunogenicity of these cells can be
altered by removal of sialic acid residues.'4 It is not
known whether these immunological changes are
associated with any changes in disease prevalence.

Several reports have shown an increase in the
prevalence of hay fever""5 and eczema'" 1719 over the
past few decades. Our results suggest that factors such
as declining family size and subsequent decreased
exposure to common infectious diseases may indeed be
associated with the increase in the prevalence of atopic
diseases in Western countries.
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Chronic hepatitis in United
Kingdom blood donors infected
with hepatitds C virus

W L Irving, KR Neal, J C E Underwood,
P N Simmonds, V James, on behalf ofTrent
Regional Hepatitis C Virus Study Group

Routine screening for antibodies to hepatitis C virus in
blood donations was introduced in Britain in 1991. It
showed that 1 in 2000 donors was positive for anti-
bodies. The natural course and importance of hepatitis
C virus infection in apparently healthy people are
unclear. We assessed the value of clinical and labora-
tory data in predicting the need for liver biopsy in
blood donors with antibodies to hepatitis C virus.

Patients, methods, and results
Blood donors in the Trent region are screened for

antibodies to hepatitis C virus by second generation
enzyme linked immunosorbent assay, and results are
confirmed by a four antigen recombinant immunoblot
assay. Donors with positive results are interviewed and
referred to a consultant for further management. We
studied all 52 donors who had had a liver biopsy by
1 May 1993 (30 men, 22 women; aged 21-57 (mean 35)
years).
We collected data on risk factors for hepatitis C virus

infection, duration of infection (assuming that infection
was acquired on the first exposure to a risk factor),
and alcohol intake. Alanine aminotransferase con-
centrations (three measurements), GOR antibodies,'
hepatitis C virus RNA,' and hepatitis C virus serotype3
were measured. Biopsy specimens were scored blind
by the Knodell and Sheffield4 schemes; the Sheffield
scheme includes assessment of histological features
characteristic of hepatitis C. We used the statistical
package spss-pc to analyse data with Spearman rank
correlation, Mann-Whitney, and logistic regression
analyses. Predictive values for severe liver disease
(chronic active hepatitis or cirrhosis) were calculated
by using the standard definition and 95% confidence
intervals by the program Confidence Interval Analysis.
The histological diagnoses were cirrhosis (four

patients), chronic active hepatitis (13), chronic
persistent hepatitis (32), fatty change (one), and
normal (two). Hepatitis C virus RNA was detected in
sera from 51 donors. The biopsy specimen from the
donor without viral RNA was normal. Hepatitis C
virus RNA was assayed twice in 31 donors: 28 had
positive results in both samples, one had negative
results in both, and two had a positive result in the first
sample but a negative second result. The biopsy
specimens from the donors with discordant results
were reported as normal in one and chronic persistent
hepatitis with features of al antitrypsin deficiency in
the other. A negative test result was significantly associ-
ated with lower severity scores for biopsy specimens
(Knodell score P=0-006; Sheffield score P=0 005).

Peak alanine aminotransferase concentration was
correlated with both severity scores (Knodell score
r8=0 59, P<0-001; Sheffield score r,=0 66, p<0-001,
figure). The predictive value for chronic active hepatitis
or cirrhosis was 0-42 (13/31 donors, 95% confidence
interval 0-25 to 0-61) for an alanine aminotransferase
concentration above 60 IU/l and 0 47 (9/19, 0-24 to
07 1) for a concentration above 100 IU/l. The predictive
value of an alanine aminotransferase concentration
under 60 IU/l for chronic persistent hepatitis, fatty
change, or a normal biopsy result was 0-81 (17/21, 0-58
to 0 95).

Liver damage was more severe in men than women
(median Knodell score 4 v 2, P= 0 03; Sheffield score 5
v 3, P=0.02). Logistic regression models found no
other significant predictor for histological change.
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Comment
Fifty of 52 biopsy specimens from apparently healthy

blood donors infected with hepatitis C virus were
abnormal, with a third having evidence of chronic
active hepatitis or cirrhosis. Although peak alanine
aminotransferase concentration and biopsy scores
were strongly correlated, alanine aminotransferase
concentration was a poor predictor of serious liver
disease.

Possible explanations for the discordant results with
the test for hepatitis C virus RNA include intermittent
viraemia,5 low level viraemia, false positive or negative
results, and clearance of viraemia between sampling.
Larger studies are needed to determine whether
variable results for viral RNA are associated with less
severe liver disease.
We found no useful predictors of the severity of liver

disease. Our estimates of age at, and duration of,
infection, however, had obvious limitations. Our data
suggest that donors who have repeated positive results
for hepatitis C virus RNA require liver biopsy as a large
proportion will have serious liver disease that cannot
be predicted by measuring alanine aminotransferase
concentration.

Members of the Trent Regional Hepatitis C Virus Study
Group were D A Jones, P Nuttall (Trent Regional Blood
Transfusion Service); S Day (Nottingham University); D
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