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There is a continuing debate in the field
of hospital infectious disease epidemiology
about the correct way to calculate nosoco-
mial infectious disease morbidity and mor-
tality. On the one hand, there are the tra-
ditionalists who stick to common use and
ease of understanding and divide the num-
ber of infected patients by either the num-
ber admitted or the number discharged dur-
ing the period of observation (1). However,
others, generally more mathematically in-
clined, never seem to tire of pointing out
the shortcomings of this type of denomi-
nator (there is little quarrel with the nu-
merator). They offer alternatives, the main
one being to calculate the rates per patient-
time of stay, i.e., per patient-day or patient-
week (2, 3). Another alternative, especially
in the context of clinical studies, is to cal-
culate the rates per patients at risk (i.e.,
from time of admission).

The purpose of the present paper is to
indicate the ancientness of part of the prob-
lem. In 1860, Florence Nightingale, in an
effort to bring about a plan for hospital
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sanitary reforms, proposed at the Interna-
tional Statistical Congress in London (4) a
uniform plan to obtain hospital statistics.
The abstract submitted by Nightingale was
reproduced in the Proceedings of the Con-
gress, and an appendix in the same volume
contained the registration form she pro-
posed together with worked out examples
on the statistics of the University College
Hospital in 1859 and St. Thomas’ Hospital
in 1858. Her abstract, written in forceful
language, began with the memorable line:
“Up to the present time the statistics of
hospitals have been kept on no uniform
plan” (4, p. 63). In the abstract, Nightingale
expressed the belief that the collection of
hospital statistics “would enable the value
of particular methods of treatment and of
special operations to be brought to statis-
tical proof” (4, p. 63), and that “the sanitary
state of the hospital itself could likewise be
ascertained” (4, p. 63). In the appendix, she
indicated that seven elements were re-
quired to “enable us to calculate the results
of hospital experience... 1. Remaining in
hospital on the first day of the year. 2.
Admitted during the year. 3. Recovered or
relieved during the year. 4. Discharged in-
curable, unrelieved, for irregularities, or at
their own request. 5. Died during the year.
6. Remaining in hospital on the last day of
the year. 7. Mean duration of cases in days
and fractions of a day” (4, p. 65).
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The proposed registration form would
allow collection of this information for each
separate disease entity. Nightingale ac-
knowledged the help of William Farr, the
pioneering figure of vital statistics and ep-
idemiology, who was the Superintendent of
the Statistical Department of the Registrar
General’s Office for England (5). Farr’s
help seems to have been twofold. First, the
form proposed by Nightingale was qualified
as “essentially the same as that used by the
Registrars General of the United Kingdom”
(4, p. 65). Second, the tabular abstracts for
the two hospitals were “prepared under the
direction of Dr. Farr” (4, p. 65) from the
data furnished by the hospitals; these data
concerned only overall mortality (or recov-
ery). In the worked out examples, the mor-
tality (and recovery) are calculated for the
two hospitals, for men and women sepa-
rately, and per five-year age group. For all
of these, two types of numbers were given,
however. First, the mortality (or recovery)
was presented as a “Proportion of Deaths
per Cent. of Numbers constantly sick,” and,
second, as a “Proportion of Deaths per
Cent. of Numbers treated” (4, p. 68). In
both numbers, the numerators were the
same. It was the denominators that were
different. Of the first denominator, it is
said,

The number of beds constantly occupied may be

obtained by taking the mean of the numbers re-
maining at the beginning and the end of the year, if
the hospital has been fully occupied; or the mean of
the numbers remaining at the beginning and the
end of each quarter; or oftener, if the hospital be
irregularly occupied; or, the total number of days
spent in hospital by all the cases during the year
might be obtained; and by dividing the sum by 365,
the mean daily sick would be arrived at. (The total
daily ‘diets’ issued during the year divided by 365
would give the same result) (4, p. 66).

This is a masterly short description of
the two ways to calculate the first type of
denominator, the patient-time spent in
hospital. The first mode of calculation, the
averaging of the population present, is the
same as was used by the Registrar General
for demographic purposes, and the second,
counting days, is the same as that used in
smaller scale epidemiologic cohort studies.
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As indicated in Nightingale’s text (4), and
as firmly established in modern epidemio-
logic theory, they are equivalent (6). The
unit of patient-time resulting from the cal-
culation was the patient-year.

Of the second denominator, it is said,
“The ‘sick treated’ during the year may be
obtained by taking the mean of the admis-
sions, and of the discharges of all causes,
including deaths” (4, p. 66). This descrip-
tion will at once be recognized by those who
stick to common usage in the calculation of
nosocomial infections.

Using his privileges, William Farr com-
mented upon these hospital statistics and
their use in the Twenty-fourth Annual Re-
port to the Registrar General, concerning
the causes of death in England in 1861 (7).
Besides strongly endorsing the idea that
such statistics should be obtained and ten-
tatively demonstrating some conclusions as
to the greater sanitary status of small hos-
pitals in small towns, Farr also offered a
paragraph about the calculation:

The hospitals are filled by a succession of inmates,
who remain for a time varying from a day to a
month or a year, and the mortality is often given as
80 many deaths per cent. on the cases treated. The
mean term of treatment varies in different hospitals;
in many it averages 36.5 days, or the tenth part of
a year. Assuming that term of treatment to be
applicable, the mortality of the cases in these hos-
pitals was 5.687 per cent. in 36.5 days; or the hos-
pitals to every 100 beds occupied, had nearly 57
deaths annually (7, p. 423).

The virtuoso statistician here offered a
third (approximate) way to calculate pa-
tient-time spent in hospital, using the av-
erage duration of stay. Apparently, how-
ever, Farr sided with the first denominator
of the Nightingale paper and frowned upon
the second. Indeed, it is difficult not to be
tempted to recognize Farr’s hand in the
description of the patient-time denomina-
tor in Nightingale’s paper; the intrinsic
properties of calculations with person-time
were well-known to him (8). As recently
described by Eyler in his study of Farr’s
work in relation to Victorian social medi-
cine (9), it was not the first time that Farr
had proposed population-time as the de-
nominator for hospital statistics. Farr's
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earlier proposals had repeatedly been met
with opposition from the medical establish-
ment, however, because the rates with per-
son-time as denominator often became
much larger than when calculated with
cases admitted or discharged, e.g., when, in
a tuberculosis ward, more than one patient
had died in a given bed in a single year (9).

The Nightingale paper was discussed in
1947 in a talk given by Greenwood (10), the
first professor of epidemiology at the Lon-
don School of Hygiene and Tropical Med-
icine, who, besides his direct contributions
to the epidemiology of infectious diseases,
made many scholarly contributions to the
history of the subject (11). About both
death rates presented by Nightingale,
Greenwood sternly commented: “Such ra-
tios are, of course, only index numbers, and
their affinity to the death-rates of ordinary
practice is remote” (10, p. 99). Further on,
Greenwood hinted at a dispute between
Farr and Nightingale: “Farr, who spoke
appreciatively of Miss Nightingale’s pro-
posal, tentatively suggested relating the
deaths from a disease to the units of time
under treatment; this, however, is still only
an index number which may give a false
impression” (original italics) (10, p. 99).
Presumably, some of the subtlety of the
Nightingale-Farr argument in the paper to
the International Statistical Congress and
in the later comments by Farr have escaped
Greenwood; the later proposal by Farr was
in fact identical with the “constantly sick”
or “beds constantly occupied” denominator
of the Nightingale paper, which was in turn
identical with usual practice of the Regis-
trar General. Yet, Greenwood clearly fore-
saw that even if “rightly” calculated, com-
parisons between different hospitals, as
proposed by Nightingale and attempted by
Farr in his comparison between small town
and large city hospitals, might still be
fraught with danger because of the different
types of patients admitted. In his own
words: “... the universe of discourse was
not so simple as, perhaps, Florence Night-
ingale supposed. Hospital patients are not
a random sample of the population and
diseases treated in hospital not a random
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sample of human ailments” (10, p. 99). It
should be added that the near impossibility
of the comparison had also not escaped
contemporaries of Nightingale and Farr,
and has provoked much criticism, espe-
cially of Farr (9). Still, Greenwood ended
his paper by expressing his admiration,
pointing his 1948 audience to the relevance
of the historic source: “Now there is good
reason to believe that hospital statistics will
be really utilized scientifically on a nation-
wide scale, not quite a century after Flor-
ence Nightingale made the suggestion”
(original italics) (10, p. 100).

It is amazing and amusing that even to-
day, in the era of computerized hospital
data bases, so little has changed in the basic
issues. The fancier nosocomial infection
data base programs nowadays allow for dif-
ferent denominator preferences by setting
up denominator tables in which one can
enter numbers discharged or admitted or
patient-days of stay. As far as the compar-
ison of patient outcomes between different
institutions is concerned, the tools of mul-
tivariate analysis, aimed at adjusting for
different patient characteristics, are just
beginning to emerge (12), and the collection
of the necessary data is judged to be a
heavy, nonroutine, research burden (13).
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