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How dramatic were the effects of handwashing on
maternal mortality observed by Ignaz Semmelweis?
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Questions remain about how much evidence is
needed to accept or at least to consider an observa-
tion as providing sufficiently strong evidence to jus-
tify a change in clinical practice,1,2 even when the key
outcome measure is objective, definitive and clinically
very important.

Maternal death is one such outcome, and Ignaz
Semmelweis’ observation of the reduction in maternal
deaths associated with the introduction of handwash-
ing in a maternity hospital in Vienna provides an
illustrative example.3,4 A plot of the rate of maternal
deaths every month from January 1841 until May
1847 shows substantial variability and some evidence
of a pattern in the changes, possibly related to the
seasons.5 After handwashing was introduced in
June 1847, deaths were less frequent and showed
less monthly variability in the period up to
February 1849. How much analysis is needed to con-
vince people that this is an effect of handwashing and
not a chance association, or a reflection of bias?2

Eyeballing the plot shown in Figure 1, many
observers might consider the reduction in deaths fol-
lowing the introduction of handwashing to be real
and significant. When considering the high risk of
bias in studies using historical controls, Glasziou
et al.1 suggested considering an effect as likely to be
real if a risk ratio of between 5 and 10 has been
observed. In this case, a comparison of the average
monthly mortality rate before the introduction of
handwashing (10.65%, blue points) and after it
(1.98%, red points) yields a risk ratio of 5.38. We
can explore these data in more depth by analysing
this interrupted time series with a Seasonal
AutoRegressive Integrated Moving Average model.
The monthly mortality rate can be formulated as
follows:

MRt ¼ B�HþAR�MRt�1 þMA� Et�12 þ Et

where MR¼mortality rate, t¼month, B¼hand-
washing coefficient, H¼ 0 (before the introduction
of handwashing), H¼ 1 (after the introduction of
handwashing), AR¼ first-order autoregressive coeffi-
cient, MA¼monthly moving average coefficient and
E¼ random error.

The estimations of the three coefficients of the
model are presented in the table below.

Coefficient Estimate

Standard

error

T

statistic P

Handwashing �0.0887 0.0310 �2.8639 0.0042

First-order

autoregressive

0.6974 0.0761 9.1687 <0.0001

Monthly moving

average

�0.7741 0.1299 �5.9581 <0.0001

This yields an estimated absolute reduction in
maternal mortality of 8.87%, which is highly statis-
tically significant (P¼ 0.0042). The reduction is also
of great human significance: for every 11 women
examined after handwashing, one fewer died. The
analysis could be extended to take into account the
data from the two clinics concerned, and to cover an
earlier period, during which postmortem examin-
ations were not done routinely.6 This discovery hap-
pened before the germ theory take off with the work
of Louis Pasteur in the early 1860s. The miasma
theory was prevalent and no strong explanation was
available to support this impressive observation.

These different levels of analysis strongly support
the existence of a beneficial impact of handwashing
on the risk of maternal mortality. This is not to
suggest that data of this level of confidence are suf-
ficient to introduce changes in clinical practice,
which is influenced by medical tradition and cul-
tural and other factors.4,6 In Semmelweis’ case,
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the evidence of an important impact of handwash-
ing on maternal mortality should at least have led
traditional medical practices to have been
questioned.
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Figure 1. Monthly mortality rate from puerperal fever.
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