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SUMMARY

Accurate incidence information is required to plan and evaluate screening
programmes which have been proposed for the detection of primary toxoplasmosis
and cytomegalovirus infection in pregnancy. Appropriate statistical methods are
described for deriving incidence rates and their confidence intervals from three
types of data: change in age-specific seroprevalence, seroconversion, and IgM
studies. These methods are applied to seven published studies on toxoplasmosis
and cytomegalovirus carried out in the UK. In these publications only one
estimate of the infection rate per pregnancy was correctly derived, and none were
accompanied by confidence intervals. Using the proposed methods, most estimates
of the primary toxoplasmosis rate in these studies were between 2-5 and 5-5 per
1000 pregnancies, compared to the 2 per 1000 usually cited. Most cytomegalovirus
incidence estimates were between 4 and 10 per 1000 pregnancies.

INTRODUCTION
There has been a continuing debate on the potential of prenatal screening

programmes to prevent congenital toxoplasmosis and cytomegalovirus (CMV)
infection [1-8]. All congenital toxoplasmosis infection and, in the UK, most
congenital CMV7 infection [9], follows a primary, as opposed to recurrent, maternal
infection in pregnancy. Any screening programme must therefore take into
account the number of women of childbearing age who are susceptible, the
incidence of primary infection in susceptible women during pregnancy, the
probability of transplacental transmission, and the probability that fetal infection
will result in damage evident at birth or in later life. As in any screening
programme, the sensitivity, specificity and positive predictive value of the tests
must be taken into account, as well as the consequences of false positive and
negative screening results, and the efficacy of the intervention [10].

One particularly critical link in the chain of reasoning is the incidence rate of
these infections in women of childbearing age. Incidence estimates can be derived
from several types of epidemiological study, but many of the published estimates
have been calculated incorrectly. Methods appropriate for each epidemiological
design are described, and applied to published data from UK studies.
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GENERAL CONCEPTS AND METHODS

The approach recommended here is first to derive an annual incidence, defined
as the number of primary infections per 1000 susceptibles per year. This enables
incidence estimates from all studies to be compared, irrespective of the
epidemiological methods used. Next, incidence per pregnancy should be derived,
which is the number of pregnancies, per 1000, in which a primary infection occurs.
Unlike the annual incidence, incidence per pregnancy includes both seropositive
and seronegative individuals in the denominator. It therefore gives an indication
of the proportion of pregnancies at risk, and hence the potential impact of a
prenatal screening programme. Other quantities have been calculated in the
literature, and these are also discussed.

ANNUAL INCIDENCE OF PRIMARY INFECTION
Changes in age-specific seroprevalence (CSP). Seroprevalence surveys on

antenatal sera, or on sera collected in other ways, form the basis for this
method. The rate at which seroprevalence rises with age in a cross-sectional survey
can be used to estimate incidence. Such calculations make a number of
assumptions [11]. Firstly, seropositivity must not decline with time after the
infection. (Some possible counter-examples have been discussed for rubella [12]
and toxoplasmosis [13].) Secondly, there should be no trends in seroprevalence
over time. Thirdly, it is necessary to assume that older women in the survey
have had the same age-specific infection rate as younger women. If the data are
based on antenatal sera this may not be the case, as young women having babies
tend to be demographically different from older ones. Finally, it is relevant to
consider whether the annual incidence estimated from CSP, and based therefore
on infection experience both during and outside periods of pregnancy, would be
expected to apply to pregnant women. This may not be true of sexually
transmitted infections such as CMV. It is not always possible to check any, let alone
all, of these assumptions in a single cross-sectional survey, and as a result
incidence estimates derived from seroprevalence data may be seriously biased.

Age-specific seroprevalence data can be modelled in terms of underlying
incidence by assuming that infection acts on a declining proportion of susceptibles
[14-16]. q(a), the proportion of seronegatives, can be found by integration of/(a),
the incidence at age a:

g(a) = e x p f - | l(s)ds\. (1)

It is reasonable to assume constant incidence /CSP over the childbearing period,
starting at age A, but not necessarily constant since birth. Rewriting (1):

/ CA ra \
q(a) = exp\-\ I(s)ds- \ ICSPds\. (2)

\ Jo JA 1

The first term in the exponent integrates to a constant, and

In (q{a)) = Icsea + k, for a > A. (3)

Thus, the log proportion seronegative is linear in age over the childbearing period,
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with slope —7(Sp. If the data is grouped by age, and a( is the mean age, with qt the
proportion seronegativc in the ith group. i= l,2,....n,

\n(qi)=-ICSPat + k. (4)

Binomial regression with a logarithmic linking function [17] may now be used to
estimate /C S F [18]. An approximate alternative, in the absence of suitable
software, would be to estimate the slope from any two points (a^q-^ and (a2, q2) on
the scatterplot (4). Consider two age groups of sizes N1 and 2V2, and mean age
difference D = a2 — al. with a2 > a1:

(5)

A Taylor series confidence interval is given by:

/<-sp± 1-96 x j } v'LU -?i)ATi?i + (l -ft)AV2ft]. (6)

Serocon rersion rate (SC). Xs women who are susceptible (seronegative) at their
first antenatal test may be retested later in pregnancy or at delivery to check for
seroconversion. Paired sera must be tested simultaneously, but even then the
criterion for a rise in titre indicative of infection may be difficult to define. The
annual infection rate is the number of seroconversions divided by the total time
at risk, in years, summing over those who do not seroconvert, with a half period
correction to the time at risk for those who do:

where number of women initially seronegative = Ns; number of women sero-
converting = H^; time between first and last negative tests in those remaining
seronegative = tt, (i = 1,2. ... ,NS — Rsc); and time between negative and positive
tests in those serocon verting = Sp (J = 1,2,... ,i?sc).

Where information on individual times at risk is not available, an average time
at risk / can be used. This could be for example the time between the initial
antenatal sample and recall 3-4 months later [19], or the time between the
antenatal test and delivery [20]. Because Hsc is usually very small relative to the
number of susceptible women at risk, the following approximation is adequate:

4c^sc/W)- (8)

The number of seroconversions is a random event in time. Ninety-five per cent
confidence limits for / s c can be found by substituting 95 % confidence limits for
/?sc, based on the Poisson distribution [21], into equations (7) or (8).

Specific IgM tests for recent infection. Recent infection results in measurable
levels of specific IgM. IgM tests are generally carried out on sera already known
to contain specific IgG. The Ns IgG seronegatives are effectively each at risk for a
period equal to the duration of IgM persistence following infection, tp. The RIgM

with detectable IgM were each at risk for half that period.

tp). (9)
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This calculation assumes that IgM is not produced in response to reinfection
or recurrent infection, and it will overestimate the infection rate if this is
incorrect. Approximate confidence intervals for / l g M can be found by the same
method given for / s c . The additional uncertainty about 7lgM due to uncertainty in
the true value of tp should not be overlooked.

Combined programme. Some studies have used a combined programme in which
initially IgG-positive sera are tested for IgM and initial negatives are rctestcd later
for seroconversion [20]. The incidence rates / s c and / I g M should be estimated
separately and compared. If they are not statistically different [22], a single pooled
estimate can be calculated :

Spooled = (^SC+^IgBlW + 'p)- (10)

INCIDENCE PER 1000 PREGNANCIES

Having first estimated the annual incidence per 1000 susceptiblcs, the number
of pregnancies in which a primary infection will occur, per 1000 consecutive
pregnancies, can be calculated, taking into account that pregnancy lasts for 40
weeks, and that primary infections only occur in seronegative women.

Incidence per pregnancy = q(l — exp ( — 40//52)), (11)

where annual incidence rate = / , and proportion seronegative at conception = q.
As q is usually based on large numbers, an approximate confidence interval can
be constructed by substituting into (11) the confidence limits for/.

OTHER METHODS

Annual increase in seroprevalence. Some authors have calculated the 'antibody
acquisition rate' or annual increase in seroprevalence [19, 20, 23]. This may be
estimated by the slope H in a plot of seroprevalence against age. In the notation
of equation (3):

l-q(a) = Ha + k. (12)

The rate of change of seroprevalence is not the same as the incidence, as the former
takes no account of the changing number of susceptibles.

Detection rate. A detection rate is the number of primary infections per 1000
consecutive pregnancies detected by a given programme. The following formulae
would cover detection by seroconversion, IgM, or both. Where N is the total
number of pregnant women, seropositive and seronegative, and iVs the number who
are seronegative:

Detections per pregnancy = (Rsc+RJgM)/N. (13)

Detections per susceptible pregnancy = (RSC+RIKM)/^\-

Unlike the annual incidence and the incidence per pregnancy, in which the time
at risk t or tp is taken into account, the detection rate is protocol-specific. For this
reason, the detection rate may not be interpreted as an infection rate per
pregnancy (except in a programme where (t + tp = 40 weeks).

A further complication arises in studies which include an IgM test component.
IgM persistence varies considerably between individuals, and it may exceed the
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time period between conception and testing. A number of the primary infections
detected, and included in the detection rate, may therefore not be infections
during pregnancy. If the probability distribution of IgM persistence following
infection was known it would be possible to adjust formulae (13) and (14), but such
information is not yet available for any IgM assay. As a result, particularly with
long or highly variable p̂. the detection rate may not be a useful indicator of what
an IgM or combined screening programme is achieving. Some quantitative results
on the effect of the probability distribution of tp on the sensitivity and predictive
value of IgM tests in prenatal programmes are presented elsewhere [24].

The estimation of an annual incidence rate from IgM data using equations (9)
and (10) is not affected by variation in persistence, and only requires assumptions
regarding the mean.

RESULTS AXI) COMPARISON WTTH PREVIOUS ESTIMATES

In the seven publications reviewed, one of which includes both CMV and
toxoplasmosis studies. 18 independent estimates of annual incidence or incidence
per pregnancy could have been computed, with confidence intervals. In fact, 11
independent calculations were performed, and no confidence intervals were given.
Of these, two were detection rates per susceptible pregnancy [19, 25], three were
detection rates per pregnancy in which no account was made of additional pre-
pregnancy infections that would have been detected by IgM [6, 20], and four were
annual changes in seroprevalence [19, 20, 23]. There was one incorrectly derived
IgM-based infection rate per pregnancy, and one correctly derived SC-based
estimate [23]. Two of three publications did not cite a mean IgM persistence for
the assay used.

A wide variety of calculations have been performed, which makes it difficult to
compare the results of different studies. Annual changes in seroprevalence have
been interpreted as annual incidence [19, 20], and detection rates based on
different protocols have not only been compared as if they were estimates of the
same thing, but have been referred to as infection rates per pregnancy [6, 19, 20].

Annual incidence estimates based on CSP, SC, IgM and pooled methods
[equations (4), (8). (9) and (10)] applied to the published data, are shown in Tables
1 and 2. Incidence per 1000 pregnancies is also given, based on equation (11), and
using where possible the proportion seronegative from the same study.

Toxoplasmosis
For toxoplasmosis. estimates of annual incidence cover a wide range (Table 1).

At one extreme is the very low SC-based estimate from the Inverness study, 1-8
per 1000 per year. This may be due to difficulty with the criterion for
seroconversion. (There were 83 two-fold or more rises in titre compared to 36 falls,
and yet only 4 of the rises were confirmed.) The IgM-based estimate in this study
is also based on small numbers, and has broad confidence intervals. At the other
extreme is the 24 per 1000 per year CSP estimate based on London data collected
in the early 1970s, which is much higher than any other estimate. However, the
six remaining estimates within these two extremes still show considerable
heterogeneity, ranging from 4-0 to 9-5 per 1000 per year.
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Table 1. Toxoplasmosis: estimates of the proportion seronegative. annual incidence
per 1000 susceptibles. and the rate of infection per 1000 pregnancies, based on material
from four published UK studies

Study
[reference]

London [29]

Glasgow [19]
W. Scotland [19]
E. Scotland [19]
Inverness [20]

W. Glamorgan [6]

Proportion
seronegative

0-78

0-87
0-86
0-75
0-83

Method

CSP
sc
sc
CSP
CSP
CSP

sc*
IgM 3 mt
IgM 6 m
TgM 9 m
IgM 7-5 m

Annual incidence
per 1000
(95 % CI)

24-3 (19-30)
4-9 (2-10)
7-8(5-12)
5-0 (4-6)
9-5 (6-13)
6-3 (4-8)
1-8 (0-5-4)
6-1 (2-13)
3-0 (1 7)
2-0(1-4)

I 4-0 (3-5)

Rate per 1000
pregnancies

(95% CI)

14-5 (11-18)
2-9(1-(5)
5-2 (3-8)
3-3 (2-4)
5-5(3-8)
40 (3-5)
1-1(0 3)
3-9 (1-9)
1-9 (0-4)
1-3 (0-3)

§2-5 (2 3)

* Based on 4748 paired sera, of which 83-1% were initially seronegative for toxoplasmosis
(Table 2. ref. [20]).

t Xo mean IgM persistence value available: incidence estimated on a range of assumptions.
X IgM persistence was between 6 and 9 months (personal communication).
§ Assuming 81 % seronegative. the average of the studies cited.

Table 2. Cytomegalovirus: estimates of the proportion seronegatire
per 1000 susceptibles. and the rate of infection per 1000 pregnancies
from four published UK studies

. annual incidence

. based on material

Study
[reference]

Edinburgh [25]
Inverness [20]

London [23]

Cardiff [30]

Proportion
seronegative

0-46
0-59

0-42

0-46J

Method

SO
CSP
SC*
IgM 3 m
TgM 6 m
IgM 9 m
CSPt
SC
IgM 4 m
Pooled
CSP

Annual incidence
per 1000
(95% 01)

13-1 (6-26)
19-2 (15-23)
8-2 (4-14)

14-5 (7-27)
7-2 (3-13)
4-8 (2-9)

23-7 (19-28)
17-9 (12-25)
28-9 (16-47)
20-5 (13 29)
37-7 (29-47)

Rate per 1000
pregnancies

(95% CI)

4-6 (2-9)
8-7 (7-11)
3-6 (2 6)
6-6 (3-12)
3-3 (2-6)
2-2(1 4)
7-6 (6-9)
5-7 (4-8)
9-2 (5-15)
(Hi (4-9)

13-2 (10-16)

* Based on 4717 sera of which 59% were initially seronegative (Table 2. ref. [20]).
t From data kindly supplied by Professor P. Griffiths.
1 Average of percent seronegative aged 17-44. weighted to reflect age distribution of

pregnant women.

The proportion of toxoplasmosis seronegatives in the studies reviewed ranged
from 75-86%. Estimates of the number of pregnancies per 1000 in which a
maternal infection occurs ranged from 2-5-5-S. based on the six central estimates.

It may be significant that three of the four highest estimates are CSP based.
Two recent studies of sera collected over a 20- or 30-year period have shown that
age-specific seroprevalence has been declining [26. 27]. Under these circumstances,
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the CSP method, which in antenatal sera effectively reflects incidence 20-40 years
ago, would yield overestimates.

Cytomegalovirus infection
The annual incidence estimates for CMV infection also covered a wide range (Table
2). Assuming CM\-specific IgM persistence to have been under 6 months in the
Inverness study, the estimates of annual incidence range from 8-2-37-7 per 1000
susceptibles. The overall percentage of seronegatives ranges from 42-58%. The
frequency with which a primary infection occurs in pregnancy is in the range
3-7-134 per 1000. with most studies between 4 and 10.

DISCUSSION

This review of the published findings on the incidence of toxoplasmosis and
CMV infection in pregnancy has shown that previous investigators have not made
the best use of their data. A variety of estimates were derived, most of which are
protocol specific. Detection rates per pregnancy or detection rates per susceptible
pregnancy have been cited as ' infection rates' or ' rates per pregnancy' and
compared with each other, without taking account of periods at risk. The extent
to which IgM tests may identify pre-pregnancy infection [24] has not been allowed
for. and the implications of IgM persistence for measurements of incidence has
been widely overlooked. Only one incidence rate per pregnancy was correctly
derived.

In view of the variety of calculations performed, there is surprising unanimity
in the widely cited 2 per 1000 pregnancies estimate of toxoplasmosis incidence [1,
4, 6, 7, 19, 20]. However, when reanalysed, the available data yield a range of
incidence estimates between 11 and 14-4 per 1000 pregnancies, with most between
2-5 and 5-5 per 1000. A discussion of possible behavioural or geographical reasons
for this heterogeneity would be beyond the scope of this paper. However, the
results show that it may not be safe to base expectations for proposed screening
programmes on research carried out in another time or place.

None of the published estimates have been accompanied by confidence intervals.
Only two studies had more than 25 seroconversions and/or IgM positives. With
this sample size, the upper 95% confidence limit is over two times greater than the
lower. Some of the debate on screening has been informed by estimates based on
10 infections, whose confidence intervals have a 3-8-fold span.

It may finally be useful to briefly mention the likely effect on the potential role
of prenatal screening of altering assumptions about the incidence of infection in
pregnancy.

In the ease of CMV infection, the incidence of congenital infection in the UK and
the percent distribution of its sequelae have Oeen well characterised by follow-up
studies of children born to women seroconverting in pregnancy [9, 23, 28]. The
present range of estimates. 4-10 per 1000 pregnancies, is consistent with accepted
figures and does not alter arguments for screening.

For toxoplasmosis. however, neither the number of congenital infections per
year, nor the precise distribution of their sequelae is sufficiently known [1]. Under
these circumstances the arguments for or against screening depend partly on what
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one assumes the true maternal incidence to be, and partly on assumptions about
the sequelae of maternal infection. If all symptomatic cases of congenital
toxoplasmosis are already recognized, but if incidence in pregnancy is twice
what was thought, then screening would lead to twice as many unnecessary
interventions. However, if serious symptomatic illness is occurring but not being
recognized as resulting from congenital infection, then the higher incidence in
pregnancy would indicate that screening may have a greater potential to prevent
serious morbidity.

Given the immense effort required to follow thousands of women through
pregnancy, and to carry out laboratory tests for extremely rare conditions, it is
unfortunate that the data have not always been fully exploited. This is data on
which decisions with far-reaching financial and human implications will be based.
Toxoplasmosis antenatal screening programmes are now under way in several
major maternity centres in the UK. It is to be hoped that appropriate statistical
methods will be used to analyse the results, so that programmes can be compared
and an overall evaluation of the benefits of screening can be made.
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