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S UMMARY

The aim of this work was to examine the relevance of
factors related to cross-infection in hospitals, based on a
large cross-sectional survey, and to formulate a mathematical
model depicting the significance of patient parameters, which
will be used to standardise future experimental studies.

The analysis showed that age, sex, wound drainage and
wound contamination are related to wound infection; and age,
sex, antibiotic use and length of hospitalization are related
to the nasal carriage of antibiotic-resistant Staphylococci.
The significance of the parameters age and length of stay were
quantified. Correlation and multiple-regression analyses
confirmed the validity of these observations.

Models developed were based on the assumption that
nasal carriage of antibiotic-resistant Staphylococci is a
measure of certain aspects of susceptibility to infection.
From multiple-regression analysis, a carriage-rate profile
representing the relationship between age, length of
hospitalization and nasal carriage rate was derived. That the
surface shifts it's origin depending on the state of the
parameters sex, antibiotic use and environmental (ward)
conditions is shown.

A model for the relationship between age and nasal
carriage was developed from theoretical concepts of ageing
and acquisition of resistance applied to the total patient
population. A deterministic model based on epidemiological
principles was developed to represent the relationship between
length of hospitalization and nasal carriage.

During the development of the final comprehensive model,
the significance of a further variable, the distribution of
the number of patients in age and length of stay groups was
established. This is a major parameter previously ignored
by other researchers and particularly important in comparing
infection and nasal carriage rates among different patient
populations. The distribution of the number of patients was
included as a variable together with age and length of
hospitalization in this final model.

HOSPITAL INFECTION
CROSS-INFECTION
STAPHYLOC OCCUS -AUREUS
EPIDEMIOLOGY
MATHEMAT ICAL MODEL
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DEPFINITIONS

Wound Infection : Wounds (apart from those excluded)

whose severity of infection are
listed as more than doubtful or

mild are considered to be infected.
(also see Page 57)

Wound Infection Rate : The percentage of patients infected

according to the above definition,
in a particular group (e.g. male

patient group) under analysis.

Nasal Carriage : Patients' whose nose swabs indicated

the presence of a Staph aureus.

organism resistant to one or more
antibiotic other than Penicillin

are termed nasal carriers.

Nasal Carriage Rate : The percentage of patients who are

Nasal Carriers according to the -
above definition ia a particular

group under analysis.

Staphylococci : Coagulase positive Staphylococci

(Staph. aureus)

Nosocomial Infection : Hospital acquired infections.

(Hospital Infection)

Wound Colonization : Evidence of growth of bacteria, but

not necessarily evidence of infection

or tissue damage.
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Remote Infection : The presence of an infection

other than a wound infection.
(e.g. urinary tract infections,

infected skin disease)



CHAPTER I

INTRODUCT ION

In spite of the obvious benefits patients derive from
hospitalisation, they face the risk of acquiring infections
during their stay in hospital (i.e. nosocomial infections).
The medical and nursing professions have been concerned about
this major obstacle to hospitalisation for some time, As far
back as IB859, her experience with infections among war casual-
ties prompted Florence Nightingale to state that "It may seem
a strange principle to enunciate as the very first require-
ment in a hospital, that it should do the sick no harm".

The advent of antiseptics as promoted by Lister and Semmel-
wels, together with the discovery of sulfonamides and antibio-
tics, have now reduced the mortality of hospital infections.
The present rate of hospital infections is about 3 - 5 per
cent of total patients admitted to hospitals, and consists
mainly of infections of post-operative wounds, the urinary

and the respiratory tracts.

Although the major threat of post-operative wound
infections has been greatly reduced, about 5 per cent of
post-operative wounds become infected. This inevitability of
infection may partly be due to changes in certain factors
that relate to the development of infections. The main factors
are, (I) susceptibility of the host, (2) the presence of
potentially pathogenic organisms in the wound or other
susceptible site and (3) the environmenf (e.g. air contami-
nation). It is perhaps surprising that the incidence of ‘wound
infection has not been obviously reduced over the last 20 -

30 years, but the susceptibility of the hospital population



has tended to increase. The following factors associated with
the susceptibility of the patient population, have changed
with the advancement of medical science in the last two

or three decades:

(a) Type of Patient Hospitalised

The advances in surgery and resuscitation techniques
have resulted in an increase in the number of pre-
mature infants and elderly patients in hospitals.
Further, this has meant an increase in the length of
hospitalisation in these groups, which results in a
greater degree of exposure to micro-organisms. Owing
to the benefits that can be derived from the National
Health Service (and similar health insurance schemes in
other countries), a greater proportion of the elderly
are now hospitalised. This increase in the number of
neonates and elderly patients in hospitals, has increased
the susceptibility (to infection) of the total patient
population. Developments in therapeutic measures to
combat long term diseases such as leukaemia, tumors and
severe diabetes have also increased the number of sus-
ceptible patients hospitalised.

(p) Diagnostic and Therapeutic Procedures

The developments in surgical techniques have increased
the length and complexity of operations, resulting in
prolonged ag%sthesia, extensive tissue damage and more
wide-spread use of artificial implants. The increase in
intravenous infusions and other types of instrumentation
in recent years, have further increased the number of
susceptible patients. The use of the immuno-suppressive

drugs and steroids in the treatment of leukaemia and
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other conditions has impaired the defense mechanism of

susceptible patients. Use of antibiotics has resulted

in the displacement of the normal flora of the bowel
causing an increase in the acquisition of antibiotic-
resistant gram-negative bacilli and overgrowth by yeasts.

The indiscriminate use of antibiotics in prophylaxis
and therapy during the last three decades has changed the
micro-organisms. In the fifties and mid-sixties antibiotic-
resistant staphylococcué aureus emerged as a problem of post-
operative wound infection. Since penicillin was the most exten-
sively used antibiotic, most staphylococci now have the ability
to produce the enzyme penicillinase, and are resistant to benzyl
penicillin. Now staphylococci resistznt to tetracycline, ery-
thromycin;methicillin and many other antibiotics are common in
hospital environments. Although a large proportion of healthy
individuals outside hospitals carry staphylococci in their noses
(nasal carriers), almost all of these strains are sensitive to
all antibiotics or resistant to penicillin only. Multi-resistant
strains are common only in hospital environments. Particularly,
strains of the phage types 80/8I, 6/7/47/54/75, 83A, 84/85,
(WILLIAMS, I) and 29/77 and 94/96 (AYLIFFE, 2) have been recog-
nised as causing epidemic or epidemic infections in hospitals
in many parts of the world over the years.

In the presence of antibiotics three main changes occur
in the micro-organisms. Firstly, previously sensitive strains
of staphylococci and many gram-negative bacilli acquire resis-
tance. Secondly, in organisms such as Pseudomonas Aeruginosa
and bacterojdes, the strains naturally resistant to antibiotics
get selected. Thirdly, some of the resistant strains appear

to show an increase in virulence.
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Since the emergence of penicillinase-resistant penicil-

lins, Staph.aureus has been of less importance and replaced

by gram-negative bacilli. For instance, staphylococci sepsis
has reduced from 60 per cent of all septic episodes in I959
(P.H.L.S.,3) to about 33 per cent in I970 (AYLIFFE,4),whereas
gram-negative bacilli sepsis has increased from 30 per cent

to 55 per cent during this period. Nevertheless,staphylococci
sepsis is still a major issue of wound infection, due mainly
to the complexities of treating the still present multiple
resistant strains.

Apart from complicating the clinical conditions of
patients, infections have many cost implications. At present
5 - I0 per cent of patients acquire some clinical infection
during their hospitalisation. Earlier reports (Mc LEOD, I965,
5; FARRER and CLUFF I96I, 6) have stated that about teh per
cent of patients with post-operative infection died as a
direct result of the infection. This may reflect a mortality
rate of about one in two hundred for the whole patient popu-
lation. However, with the advances in medical science, the
risk of death associated with post-operative infections, is
being reduced.

A major inconvenience associated with infection is
prolonged hospitalisation. An extra mean duration of hospi-
talisation of between eight to fifteen days due to infection,
has been reported (CLARK 7, Mc LEOD 5, COHEN et al., 8).

The Public Health Laboratory Service (P.H.L.S.,3) survey in

I96I estimated the total excess stay in hospital due to sepsis
may be about I,000,000 days per year, or about three per cent
of the total bed occupancy of acute hospitals, which in mone-

tary terms is equivalent to about 0.5 per cent of the total
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cost of the National Health Service. A similar American
study(9) covering about a quarter of all hospitals in the
U.S.A. in 1967, estimated that the cost of post-operative
infection in U.S.A. to be about £ 3.2 Billion. Apart from
these obvious financial costs, there are other costs asso-
ciated with prolonged hospital stay such as the cost of
sickness insurance, temporary or permanent disability, loss
of wages and so forth. It is rather ironic that if it was
possible to reduce the extent and the degree of infection,
much of the current shortage of hospital beds in the National
Health Service could possibly be resolved without having to
resort to further funds.

The adverse effects of hospital infection have been
recognised for quite some time, and a considerable amount of
research has been carried out to find out ways of reducing
the risk of sepsis. Probably inspired* by the tremendous
reduction of infection achieved by the application of LISTER'S
antiseptic methods and the aseptic methods, most of the
research has been directed towards reducing the number of
micro-organisms in the patient environment. The introduction
of improved antiseptics, better nursing practice, design of
ventilation systems, cubicalisation of some types of patients
and so forth have reduced the risk of sepsis. The recogni-
tion by WILLIAMS (IO) in I959 of a correlation between nasal
carriage and wound sepsis, led to the investigation of conta-
minated ward sites, and the development of methods to reduce
nasal carriage.

In further investigating this correlation, GILLESPIE
et al.(II) were able to obtain a reduction in infection by

treating carriage sites and by reducing environmental
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contamination. There have been quite a large number of

studies carried out since then, reporting the significance of
many ward sites as reservoirs of staphylococci organisms.

Laundry chutes (I2, I3), bedding (I4), walls (I5,I6), blankets
(17, 18), ward floor (I9,20), ward surfaces (2I), stethoscopes
(22,23) have all been investigéted as possible reservoirs

with varying conclusions. The effect of certain structural
features such as sub-division of wards and isolation (24,25) and
ventilation (26) has also been reported.

With the experience and knowledge gathered from the
above studies, many ward practices were instigated to combat
staphylococci contamination, but the corresponding effect on
the reduction of wound infection was often slight (although
the nasal carriage rate has been somewhat reduced). This is
partly due to the lack of understanding of the relationship
between airborne staphylococci, nasal carriage and wound
infection. The prime objective has been to reduce the amount
of aerial contamination as much as possible, without having
any regard to the amount of benefit to be gained by such
action. Often, the cost implications of introducing new
systems were not considered, let alone a proper cost-benefit
analysis. LIDWELL (24) has pointed out that the risk of nasal
acquisition is less than proportionately reduced to a reduc-
tion in the aerial contamination. The failure in obtaining
a reduction in wound infection by reducing the level of
environmental contamination, may reflect some doubt on the
correlation between nasal carriage and wound infection demons-
trated by WILLIAMS. Equally strong literature can be quoted
for supporting WILLIAMS (27,28,29,30,3I,32), as well as con-

tradicting him (33,34,35,36). However, because of its respira-

tory function, the nose is an effective sampler of
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the ward contamination, and lience the importance of nasal
carriage rate as a measure of the ward cross-infection, cannot
be neglected. Further, the nose readily acquires new strains
of staphylococci and it can be easily sampled.

The source of hospital acquired infections may broadly
be classified as endogenous or exogenous. There is no doubt
over the significance of the endogenous source (self-infection)
as a route of infection. However, there is a controversy
surrounding the mechanism of exogenous infection; whether the
post-operative infection was due to contamination that
occurred in the operating theatre or whether it was acquired
in the ward. SHOOTER et al.(37), and ROUNTREE et al.(38)
have stated that ward cross infection plays a larger part in
wound sepsis than theatre infection. Whereas AYLIFFE and
COLLINS (39), and WALTER et al.(40) have demonstrated the
incidence of sepsis associated with disseminating carriers in
the operating room. A comprehensive study carried out by the
National Research Council (4I) on the relationship between
the bacterial flora found in the operating theatre and in the
patient during operation and the infecting bacteria in post-
operative wound infection, concluded that there was no corre-
lation. THOMSEN et al. (42) have also concluded that post-

operative wound infections by Staph.aureus originate mainly

from the wards. Due to these contradictory findings, attempts
have been made to reduce the risk of infection both at theatre
level as well as the ward level. Although it is likely that
the importance of the source of infection may vary from hospi-
tal to hospital, it would have been more fruitful had there
been objective studies aimed at ascertaining the precise sig-

nificance of either factor, before embarking on devising
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measures to counteract a perceived threat. However, there
are many przctical difficulties in undertaking such a study.

Lately, emphasis has been laid on the importance of
surveillance as one of the means of combating hospital
acquired infections. In summarising the inferences of the
International Conference on Nosocomial Infections(I970),
WILLIAMS (43) stated that "Quite clearly, the first message
from this conference is the need for surveillance. It is
essential that hospital staffs know what is going on in the
hospital, and they should have a mechanism for getting help
from outside experts when it is needed. There seem to be
two objectives of surveillance: one, for better internal
control of hospital activities and, the other, to see where
one hospital stands in relation to the others". Apart from
these broad functions of surveillance, it is also useful in
detecting outbreaks of infections as early as possible and
giving some indication of the long term changes occurring in
the area of hospital infection. The practicality of using
surveillance as a means of comparing infection rates among
different hospitals is however, somewhat doubtful.

All these approaches discussed above have one major
weakness in common. Most of them have more or less assumed
that patient parameters (susceptibility) are unimportant or
are a constant; and hence the emphasis on environmental fac-
tors as the predominant cause of hospital infection. Even
the few who recognised the significance of some ¢f the patient
parameters (44,45,46,8,9,41,47,48), it has nearly always been
viewed as a qualitative concept as opposed to a quantitative
concept. If this assumption is wrong, then the conclusions

made by many, on the significance of certain environmental
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factors may be biased, if not totally invalid. In other words
when trying to determine the significance of some environmen-
tal factor, by comparing infection rates in two wards, the
susceptibilities of the two patient populations under study
must be compatible. Some of the controversy surrounding the
significance of nasal carriage on wound infection, and the
source of infection (theatre or ward) could well be attribu-
ted to the non-compatibility in the patient populations
studied by some researchers. Recognising this somewhat
obvious phenomenon, WILLIAMS (43)in his final note to the
International Conference on Nosocomial Infections (I970),
emphasised the need to conduct proper clinically controlled
studies to combat the difficulty of obtaining statistically
convincing evidence. However, even if such studies were
carried out, it would only increase the experimental guality
of the studies, and the bias arising from the differing
susceptibilities of patients would still persist.

If it were possible to quantify the susceptibility of
a patient (related to patient parameters), preventive mea-
sures could be directed towards those most likely to acquire
an infection. Also some kind of a susceptibility index can
be used to correct any bias introduced into experiments, due
to the heterogenic nature of the patient population being
studied. Such an index can also be used as an effective tool
in surveillance. The second objective of surveillance (com-
paring infection rates between hospitals) can only be achieved
with the aid of such an index. A crude comparison of infection
rates between two hospitals may indicate that the infection
rate in one hospital is lower than in the other; but this

difference may simply be due to the differences in patient
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susceptibilities or type of surgery in the two hospitals,
and nothing whatsoever to do with differences in ward and
operating theatre practices or facilities.

A susceptibility index can also be effectively used
as an independent adjudicator in the ever growing threat of
hospital litigation, particularly in the U.S.A. HOYT (49)
discusses the hospital's legal liability as a result of some
alleged failure to use proper hygienic or sterilisation
techniques. Helman Vs. Sacred Heart Hospital (50) is a typi-
cal example where damages were awarded to a patient who
acquired an infection in hospital. In litigations of this
nature, it is extremely difficult to ascertain whether the
infection was caused by the negligence on the part of the
hospital, or whether it was entirely due to the higher suscep-
tibility of the patient. A susceptibility index, would in
the least, indicate whether an infected patient had a higher
or a lower risk of acquiring the infection, due to his own
physical or clinical condition.

The aim of this study is to investigate the signifi-
cance of patient parameters on nasal colonisation and wound
infection, based on a large cross-sectional survey carried
out between I969 - I972 in the Birmingham region (AYLIFFE
et als 5I). Since the survey was a cross-sectional one,
certain assumptions were made before the analysis. The sur-
vey covered about I2000 patients in over 500 wards with a
multiplicity of ward practices; hence it was assumed that
the patient parameters are independent of ward parameters for
the purpose of this study. Ideally, a continuous study in
a smaller number of hospitals where ward practices are less

varied, would possibly have been more useful.
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However, there are many practical difficulties associated
with such surveys, for instance, it would take a longer
period of time to collect on adequate sample for analysis,
and even then, any bias due to the changes in the infecting
micro-organisms over the years must be accounted for before
the analysis. A smaller number of hospitals would be in-
sufficient to allow for variability between hospitals.

Once the significant patient parameters are isolated
from this cross-sectional survey, they will be represented as
a quantitative index defining the susceptibility of the
patient population. Initially, the index will be derived
from multiple regression techniques and then, a mathematical
model postulated on theoretical grounds. Although the model
is based on a patient population in the Birmingham region,

a method of applying the model on a national or an interna-
tional patient population, is discussed.

When the survey was originally planned, information
regarding weard practices, structures and facilities were all
collected with the intention of isolating the significance of
some of the environmental factors on infection. For the
reasons described previously, a crude comparison of infection
or nasal carriage vrates associated with each of these ward
factors might show spurious associations. However, after
the concept of the susceptibility index is accurately defined,
that index will be used to correct the bias resulting from
the diversity of patient parameters in the data. Then the
corrected data will be used to validate the significance of

ward factors.
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CHAPTER 2

LITERATURE SURVEY

Before the literature survey proper, certain features
of the staphylococcal organism which may influence the inter-
pretation of the literature, must first be discussed.
Resistant strains of certain types of staphylococci (e.g.
80/8I) appear to be more virulent and possess a greater
propensity to spread than other types. These strains tend to
appear and disappear for no apparent reasons, and hence make
the comparison of nasal carriage and wound infection rates
difficult at different times (even in continuous surveys in
a single ward). For instance, when a particular strain is
used as a measure of hospital infection, assessment will be
difficult if epidemic strains appear and disappear periodi-
cally.

The literature survey is divided into seven broad
areas for convenience. These are literature related to
(I) The nasal carriage of staphylococci, (2) Post-operative
wound infection, (3) The association between nasal carriage
and sepsis, (4) The source of post-operative wound infection
(ward or theatre), (5) The influence of environmental factors,
(6) Patient parameters related to nasal carriage and wound
infection, and (7) Application of multiple-regression analy-
sis to factors associated with wound infection and nasal
carriage. It was necessary to carry out an extensive
literature survey, in order to look at the many controversies
in proper perspective.

There were many publications indicating apparent signifi-

cant solutions to _the problem of hospital infection, some of
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which are not included in the literature survey due to their
small sample size and the statistically uncontrolled nature
of their experiments. Therefore, as an indication of the
representativeness of the experiments, the size of the sam-
ple (S) is given when possible with the quoted literature.
Further, in the quoted literature where statistical tests
have not been carried out, independent tests have been made
by the author based on these data. These are denoted by
asterisks (%) in the text. However, it must be recognised
at this stage that although it is best to carry out proper
statistically controlled experiments, there may be many
practical problems associated in designing such tests.
Multiplicity of factors associated with infections, diffi-
culties of collecting information (e.g. inadequate records,
transfer of patients elsewhere), lack of suitable bacte-

riological samples, are examples of these difficulties.

2.1 Nasal Carriage 0f Staphylococci

The nasal carriage of staphylococci is a normal
phenomenon and usually not associated with clinical infec-
tions. The nose can be considered as the major reservoir
of the organism. About half or more of the patients and
staff in hospital are likely to carry staphylococci in their
noses. "The normal carrier rate for adults lies between
35 and 50 per cent. Some IO per cent of the population
rarely harbour staphylococci in their noses and about 20
per cent carry them regularly, the remainder are found some-
times to be carriers and sometimes not" (WILLIAMS et al.52).
It is not known why one person is a carrier and another is

not. There are many strains of staphylococci,
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most of which could be identified by their antibiotic sensi-
tivity pattern and the phage type. Due to the excessive
use of antibiotics many strains of staphylococci have
now acquired resistance to many antibiotics. Penicillin
resistance 1is due jo the inherent ability of staphylococcal
strains to produce the enzyme penicillinase. Therefore, the
use of penicillins results in the selection of resistant
strains.

Although many healthy individuals outside hospital
environments carry staphylococci in their noses, most of
these strains are either sensitive or resistant to penicillin
only. Patients who have had no contact with hospital
environments are known to have the lowest nasal carriage rate
(52,53). HARRIS (54,S=I200), in comparing the nasal carriage
of a2 group of casualty patients and a group of in-patients,
found that about 92 per cent of the strains in the casualty
patients were completely sensitive or resistant to penicillin
only, whereas in the in-patient group, the figure was only
46 per cent (% significant, P<0.0I). A study by EDMUNDS
(55, S=2863) did not find a difference in the nasal carriage
of penicillin-resistant strains between patients who had
previous hospital admissions and those not previously admitted.
However, the previously admitted group (3.4%) had a higher
rate of tetracycline-resistant strains than those not previous-
ly admitted (I.3%), and this difference persisted only for
2 weeks.

Carriers disseminate staphylococci into the air when
they speak, cough, sneeze or snort. Also, any form of
activity entailing friction on the skin or agitation

of the clothing, will increase the dissemination (56).
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The carriers vary greatly in the number of organisms they
disperse, and in some cases carriers disperse no more than
non-carriers do (57). This dispersal by the carriers increases
the level of environmental contamination, resulting in new
acquisitions by non-carriers; this creates a vicious circle,
making the problem of staphylococci nasal carriage endemic

in hospital environments. It is possible to reduce the
number of bacteria in the nose, and the dispersal to the
environment, by treating the carriers with antibiotic nasal
spray or ointment (58,59,60,6I). However, this pratice does
not necessarily reduce the subsequent nasal carriage rate in
the particular environment where it was applied. This may

be due to the complexity of the relationship between the

risk of acquisition of nasal staphylococci and the extent of
environmental contamination (i.e. exposure). It is possible
to reduce more than four-fifths of the bacteria in air by the
use of a combined air-and-formite system of bactericidal
conditioning (62); but even then the effect on the level of
nasal carriage of staphylococci is minimal. LIDWELL et al.
(63,64,25) have pointed out that the overall risk of nasal
acquisition increases much less than proportionally to the
increase in exposure, and is considerably greater for a given
airborne exposure in the case of the tetracycline-resistant
strains. In quantifying this relationship, they have pointed
out that the risk of acquisition varies as the one-fifth
power of the exposure. For example, "an average dose of I0
airborne staphylococcal particles of a single strain
corresponded to a probable risk of nasal acquisition of about
I in 800 or I in 300 for tetracycline-resistant staphylococci™.

This relationship somewhat explains the apparent lack of
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significant reductions in nasal carriage, resulting from the
introduction of new ventilation systems in hospital wards.
LIDWELL et al.(63,64,25) further pointed out that the chance
and rate of nasal acquisition are related to both the airborne
counts and to the number of possible sources.

It is worth noting at this stage that a great deal of
confusion has been caused by the indiscriminate use of the
term nasal carrier. In some literature it is not clear
whether nasal carriage refers to the carriage of a particular
antibiotic-resistant strain, or all strains of staphylococci.
It is more practical to define the carriers of multiple or
tetracycline-resistant strains as nasal carriers, because
these strains are mainly associated with hospital environ-
ments. A further aspect of this theme has been highlighted
by MOORE and GARDNER (65). They point out the importance of
stating the day the nasal swab was taken, whether on the day
of admission or on a later day. For reasons described in
Section 2.5, a sample of patients swabbed on the day of
admission would generally have a lower carriage rate than a
sample at a later date. Therefore, in comparing nasal
carriage rates obtained from different sources, the defini-

tions of the term nasal carriage must be established first.

2.2. Wound Infections

Many factors are shown to be associated with the risk
of post-operative wound infection. The variation of the
risk of infection has been well reported (3,8,4I,66). Most
of the wound infections are found following operations in
the gastro-intestinal tract. The presence of a post-

operative drain (which is somewhat related to the type of
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operation) also increases the risk of post-operative wound
infection (3,41,45,67,1I5); and different infection rates are
attributed to different types of drains (3,4I,45). The
duration of operation has been reported to be associated
with the risk of infection (8,4I,45,46,67). COHEN et al.
(8,S= 8900) pointed out that the incidence of wound infection
increases more or less linearly with the duration of opera-
tion. Others stated that lengthy operations are generally
associated with a higher risk of infection compared with
short operations. The other variable at operations, the
length of incision is also reported to be a2 determinant of
the risk of infection. BRUUN (45, S=2557) reported that
long incisions increase the risk of post-operative infection
It must also be understood at this stage that some of the
above factors are inter-related. For instance, the presence
of a drain, lengthy operations and#?gfisions may all indicate
dirty wounds, which on their own are regarded to be opera-
tions with a high risk of infection.

Certain other factors not directly linked to the type
of operation may also be responsible for post-operative
wound infection. For instance, the operation list-position
. has been pointed out as a determinant of the risk of infec-
tion. Patients whose operations were first 6n the list had
a lower rate of infection than those who were on the bottom
of the list (4I,68,69). This may be due to the gradual
build up of contamination in the operating theatre with the
increase in the number of operations performed. Surgeon
fatigue may also influence this factor. The N.R.C. study
(4TI, S=I5000) attributes the difference in the risk of

infection to the particular types of operations performed
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at different times of the day. Their explanation was that,
since the majority of operations performed late in the day
were dirty operations, these would obviously have a higher
risk of infection, compared with the cleaner operations which
were given priority on the operation list.

Although the N.R.C. study-.-concluded that the time of
day at which an operation begins cannot be considered as a
primary determinant of wound infection, their results even
after adjusting for differences in wound classification and
urgency of operation, showed a lower infection rate for
operations performed between 07.30 and 09.30 in the morning.
A similar study by DOUGLAS (68, S=584) based only on clean
wounds, reported that patients who were first on the opera-
tion list had a significantly lower infection rate.
Apparently, the 'first' cases in his study had more drains
and longer operations than 'other' cases (age distribution
similar in both groups), and hence, should have had a higher
infection rate. This somewhat contradicts the conclusions
made by the N.R.C. study. In both these studies the infec-
tion rates appear to be increasing linearly, with the
increasing operation list-position.

The majority of patients admitted to hospital for
operations are operated on the day of admission or on the
following day, whereas some patients are required to spend
a considerable amount of time in hospital prior to the
operation, undergoing tests and treatment linked to the opera-
tion to be performed. A higher risk of post-operative wound
infection is associated with this second group, where the
extent of the pre-operative stay in hospital is related to

the risk of infection(4I,45,70,II5).
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Since long stay patients are more likely to be nasal carriers
of hospital strains of staphylococci, this may explain the
higher risk of wound infection attributed to patients with
long pre-operative stay in hospital. On the contrary, the
long pre-operative stay patients may materially differ from
the other patients. The patients who are kept in hospital
for a length of time before operation, normally undergo a
course of therapeutic treatment to prepare them for surgery.
These treatments may lower the resistance of the patient, thus
increasing the risk of post-operative wound infection. It is
more likely that both these factors- the lowered resistance
and the increased exposure, together contribute to a higher
risk of infection in longer pre-operative stay patients.

It has also been reported that another class of patients,
those who undergo ufgént or emergency operations, are associa-
ted with a high risk of infection. The N.R.C. study (4I)
explains that this is caused by the greater amount of contami-
nated wounds found in urgent and emergency operations. After
they corrected their figures for this bias arising from con-
taminated wounds, the difference between the urgent or emer-
gency operations and other operations was not apparent.

COHEN et al.(8) also did not find any significant increase in
wound infections in emergency operations.

The patient's medical or clinical condition may also
influence the infection rate. The significance of many
host-factors on wound infection is well documented. COHEN
et al.(8) experienced a higher risk of infection associated
with obesity, hypotension, need for blood transfusion during
operation, congestive heart failure and cancer surgery.

In explaining this association, they suggest that impairment
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of local circulation may be of great importance in predispo-
sing to surgical wound infection. The higher risk in cancer
surgery may be due to the complex operative procedure znd the
administration of immuno-suppressive drugs. The N.R.C. study
(4I) reported higher wound infection rates associated with
diabetes, steroid therapy, severe obesity and severe malnu-
trition. Although these host-factors are significant, these
factors are only present in about 5 per cent of the patients
undergoing surgery.

The presence of remote infections,other than wound
infection, are also indications of higher risk of acquiring
infections (41I). This is not surprising because the presence
of remote infections are indications of low resistance and
further, the presence of other remote infections lower the
overall resistance of the patient,making the patient more
susceptible to wound infection. The type of operative clo-
sure 1s another factor associated with infected wounds.
Higher infection rates were found in wounds closed seconda-
rily, and unclosed or partially closed than in wounds prima-
rily closed. Further, the technique of the surgeon is also
probably an important factor, but there is very little
evidence to evaluate its significance. Even the signifi-
cance of seasonal changes on wound infection havé been
studied (8,4I) and concluded that seasonal changes do not
have any significance on wound infection.

Certain parameters not directly linked to the clinical
condition or the operative procedure, may determine the risk
of infection. Patients who were treated with prophylactic
antibiotics prior to the operation, demonstrated a higher

infection rate (4I,45). Before making any firm conclusions
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on the effect of antibiotics, one must examine the possibility
that prophylactic antibiotics are in the majority administered
to patients who have a high risk of acquiring a post-operative
infection.If this is generally true, then the significance of
antibiotic therapy is purely spurious. In the N.R.C. study
(4I), even after adjusting the figures for factors known to
cause high infection rates, the significance of antibiotic
therapy on wound infection still prevailed. However, recent
reports (KEIGHLEY, I978,7I) suggest that short term antibio-
tic prophylaxis is effective in reducing post-operative
infection in certain types of wounds.

Two other parameters, the age and sex of patient,which
are unique to every individual patient, are also associated
with the risk of infection. BRUUN (45) and the N.R.C. (41I)
study report a higher infection rate among male patients.
COHEN et al.(8) states that sex and race bore no relation to
infection, but they have not quoted any figures which could
be used to analyse this concept further. In trying to
explain the higher infection rate among males, the N.R.C.
study introduces the hypothesis that the high proportion of
contaminated wounds among male patients resulted in a higher
infection rate. When only clean wounds were.considered, the
male patients had a lower infection rate than females. Their
final conclusion is that sex of patient is not a significant
determinant of wound infection.

Increasing age is associated with a high risk of
acquiring infection (3,8,4I,45,67,115). Here too, any bias
arising from types of operations related to different age
groups, must be considered. In the N.R.C.(4I) study they

hypothesised that young patients have a greater degree of
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clean operations which result in lower infection rates.
However, when only the clean wounds were considered the
effect of age was still apparent. Even after adjusting the
figures for other factors associated with high infection
rates, the higher rate of infection among older patients

still persisted.

2.3 Association Between Nasal Carriage and Wound Infection

WILLIAMS et al.(I0, S=700) in I959 demonstrated the

association between the nasal carriage of Staph. aureus and

post-operative wound infection. They stated that the inci-
dence of post-operative wound sepsis was 2 per cent in 342
patients who were never nasal carriers of staphylococci and
7.1 per cent in 380 patients who carried a strain of Staph.
aureus at some time ( % difference significant, P < 0.0I).
They further stated that in about half the infected cases
the sepsis was due to a staphylococci of the same phage type
as was found in the nose. The P.H.L.S. survey (3,5=3276)
in 1969 zalso observed a similar association between nasal
carriage and wound infection; 8.9 per cent of the carriers
showed wound sepsis, compared with 7.I per cent of the non-
carriers. However, this difference was not statistically
significant. Subsequent studies by WILLIAMS et al. (28,
S=2555) in I962 confirmed their original finding. They
further reported that "patients who acquired staphylococci
in their nose during their stay in hospital, developed staphy-
lococci sepsis more than five times as often than those who
did not. In most cases nasal colonisation preceded the
sepsis. The patients who acquired staphylococci also had

a higher incidence of non-staphylococci sepsis, but this
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appeared to be associated with prolonged stay in hospital".

A similar study by CALIA et al.(72, S=269) in I969
also supports this concept. In their study, wound colonisa-
tion occurred more than twice as often in skin and nasal
carriers (37%) as in non-carriers (I6%) and the difference
was statistically significant (P < 0.00I). When the actual
wound infection rates were compared, carriers (I7?%) had twice
as many infections as non-carriers (9%), but this difference
was not significant. Further, skin carriers of staphylococci
had a higher rate (56%) of wound colonisation compared with
nasal carriers (22%), (#%* Significant, P < 0.005). Also skin
carriers had a wound sepsis rate of 22 per cent which was
significantly higher than in non-carriers (P < 0.04). Since
1959, many other researchers (27,29,30,3I,32) were able to
demonstrate the association between nasal carriage and wound
infection.

However, this association has been challenged by many
who carried out similar studies (33,34,35,36,65). MOORE and
GARDNER (65, S=538) in their study at Torbay Hospital expe-
rienced a lower wound infection rate among nasal carriers
(5.9%) and a higher infection rate among non-carriers (9.4%)
(% not significant, P < 0.I). This study is somewhat
different to the studies reported by WILLIAMS et al.(I0,28).
At Torbay Hospital, the interval between the patient's ad-
mission to hospital and the operation was so brief that the
likelihood of acquiring a hospital strain was very remote.
This implies that a majority of the carriers at Torbay carried
penicillin-resistant strainsg. This may well be the reason why
they failed to demonstrate an association between nasal

carriage and wound sepsis. In WILLIAMS'S study at the
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St. Bartholomew Hospital, patients often stayed a considerable
amount of time in hospital before operation, giving them
adequate opportunities to acquire hospital strains. Even in
the Torbay study patients who carried a staphylococci of the
80 group (which are known to cause epidemics) had a higher
wound sepsis rate (I3.2%) than carriers of other types of
staphylococci (2.6%), (* Significant, P < 0.0I).

Most of the studies covering this concept, failed to
recognise the significance of other patient parameters.

For instance, factors such as age and type of operation, in-
fluence the wound infection rate, and length of stay in hos-
pital influences the nasal carriage rate. Before making con-
clusions on any association between nasal carriage and wound
infection, the influence of these other factors on the two
groups in the study, must be considered. Although MOORE and
GARDNER (65) considered the influence of these factors in
their study, a firm conclusion cannot be drawn, because the
patients in their study stayed only a short time in hospital
prior to the operation.

This association between nasal carriage and wound
infection has been accepted unreservedly by many researchers.
The implications were that if the nasal carriage rate of the
patient population can be reduced, this will result in a lower
post-operative wound infection rate. This led to the intro-
duction of nasal prophylaxis and changes in ward practices,
structures and facilities aimed at reducing the nasal carriage
(which are discussed in detail in Section 2.5). BRUUN (45,
S=2557) reported a significant reduction in nasal carriage
rate and wound infection rate, following the introduction of

a preventive program, which mainly included nasal prophylaxis.
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A flurry of studies aimed at reducing nasal carriage rate
followed, WILLIAMS et al. (I0). Some of these studies pro-
duced spurious results, due to their failure in recognising
the significance of other factors on nasal carriage. For
example, SHOOTER et. al.(73) reported that nasal carriage
rate can be reduced by segregating the pre and post-operative
patients. They concluded that nasal colonisation of tetracy-
cline-resistant strains was more than twice as common in the
post-operative division of the ward compared with the pre-
operative side. In making this conclusion they did not
consider the effect of the length of stay on nasal carriage.
It is more likely that the reduction in carriage rate result-
ed from the shorter length of stay of patients in the pre-
operative section, and the fact that the post-operative

wounds disperse more staphylococci.

2.4 Source of Infection (Ward Against Theatre)

In the practical handbook on the Control of Hospital
Infection, LOWBURY et al.(74) defines the source of hospital
infection as endogenous and exogenous (see Fig.I) The contro-
versy is over whether ward cross-infection or operating
theatre infection is predominant in post-operative wound
infections. This may depend to some extent on the type of
surgery, since infections acquired in the ward are usually
in drained or leaking wounds. One would hope that with the
advent of modern ventilation systems for operating theatres
and the application of aseptic practices, the incidence of
wound infections caused by airborne transfer in the operating
theatre to be minimal. However, AYLIFFE and COLLINS (39)

and WALTER et al.(40) have demonstrated post-operative
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wound infection related to disseminating carriers in the
vicinity of the operating table. McNEILL et al.(75) reported
a correlation between the phage type of staphylococci found
in the region of the operating field and post-operative
infected wounds. Many others (35,41,42,49,?6) failed to
demonstrate a correlation between strains isolated from the
air in the theatre and those isolated from post-operative
infections.

A large number of studies have been carried out to
investigate the significance of ward air on post-operative
wound infection. GILLESPIE et al.(II), ROUNTREE et al (38)
and SHOOTER et 2l.(37) reported in the late fiftees and early
sixtees, that ward cross infection plays the predominant role
in hospital infections. Recent studies by THOMSEN, LARSEN
and JEPSEN (42,76) confirmed this concept by demonstrating
significant correlations between phage types in the ward air
and in the infected wounds. SEIWYN et al. (77) experienced
a similar correlation between environmental level of staphy-
lococeci and wound sepsis rate. An increase in ward settle-
plate counts which preceded an outbreak of an epidemic in a
burns unit, as reported by HAMBRAEUS (78, S=69), adds further
weight to the concept of ward cross infection being the predo-
minant cause. However, this study may not be fully repre-
sentative due to the small sample size and the speciality of
the patient category. Others(II,45) have been able to reduce
the wound infection rate by introducing methods'to reduce the
level of ward contamination, such as, nasal prophylaxis and
disinfection of blankets and pillows. Further, the association
.between the length of pre-operative stay in hospital and

wound infection as discussed in Section 2.2, indirectly
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emphasise the importance of ward contamination as a source of
wound infection.
at

The ward or theatre controversy can be looked in a
different sense, using the actual time of clinical onset of
infection as an index. WILLIAMS et al. (28, S=2555) observed
sepsis within five days of operation only in 7 per cent of the
cases, between the sixth and tenth day in 38 per cent of the
cases and in the remaining 55 per cent sepsis was not observed
until the eleventh day. Subsequent studies by BRUUN (45),
COHEN et al.(8) 4 McLEOD (5) and FARRER and McLEOD (79,
S=31I9) confirm that the mean clinical onset of post-operative
wound infection is usually between the sixth and the tenth
post-operative day. In taking this interesting observation
further, FARRER and McLEOD point out that staphylococci infec-
tions have a short incubation period of about one to two days,
which is much less than the mean clinical onset experienced
above. They describe an experiment in human volunteers, where
the presence of a foreign body reaction in the form of sutures
resulted in a dramatic reduction of the minimum inoculum
required to produce pus, and that stitch abscesses occurred
from 24 to 48 hours following the introduction into the skin
of sutures injected with 3 X IOLL coceli.

When these observations are interpreted literally,
it suggests that if the wounds are infected in the operating
theatre, the clinical onset of infection must occur within
five days. Hence, since the mean (and the mode) onset was
experienced between the sixth and the tenth day, the majority
of infections must have been acquired post-operatively in
the ward environment. However, there are some uncertain-

ties involved in assessing the onset of infection. WILLIAMS
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et al.(52) and RESNEKOV (80) have reported instances of very
deep sepsis beneath perfectly healed parietal wounds but in
which pyrexia and the other signs of sepsis have not appeared
until the tenth or fourteenth day. It is likely that the
appearance of infection after an operation may depend on the
extent of the initial inoculum. Therefore the onset of in-
fection is not a very accurate indictor of the source of
infection. Also, the validity of the FARRER and McLEOD (79)
experiment is somewhat doubtful because the cocci were applied
rather artificially.

Further, if we consider that infections are acquired
in the ward post-operatively, how can we explain the in-
fluence of factors such as type of operation, length of
incision, length of operation, host factors, drainage and
late positioning of operation, on wound infection, as dis-
cussed in Section 2.2. It may be that although the exposure
of the patient is about I0 to 20 times greater in the ward
compared with the theatre, the patient is more susceptible
to infection during operation. This susceptibility is a func-
tion of the factors related to operations as discussed earlier.
Finally, it must be stated here that hospitals vary in the
importance of ward or theatre infection; hence both groups
stu&ying the source of hospital infection may be correct in

assessing their own environment.

2.5 The Influence of Environmental Factors

Since WILLIAMS et al.(I0) demonstrated the association
between nasal carriage of resistant strains and subsequent
wound infection, much effort has been directed towards re-

ducing the nasal carriage rate. These efforts were expedited
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since the emergence of the ward environment as the predomi-
nant source of post-operative staphylococci wound infection.
The work was directed twowards identifying sources of conta-
mination in the ward, end devising methods to reduce both
the level of environmental contamination and the nasal
carriage rate (there is a relationship between the two, as
discussed in Section 2.I).

The role of bed clothing as a source of ward contami-
nation has been studied (I4,8I). Only a temporary reduction
in daily settle-plate counts were noted after treating the
bedding with detergent-antiseptics (I4), and the practice of
disinfecting blankets after use by each patient did not
significantly reduce general bacterial or staphylococcal
counts on exposed culture plates and also, the blankets were
heavily re-contaminated after only a few days (8I). The
relative importénce of various floor cleaning methods have
been studied by many researchers (20,82,83,84). AYLIFFE et
al.(83,85) in their studies on ward floors and surfaces as
reservoirs of hospital infection, concluded that regular
use of disinfectants in cleaning a ward floor does not reduce
the equilibrium level of bacteria on the floor. The modern
practice of carpeting ward floors have been compared with
conventional floor covering and no difference in ward contami-
nation was observed (86,87,88). Routine washing of isolation
room wall does not reduce the level of contamination (I6),
and walls are the least contaminated surfaces in wards (I5,83).
Other common sources of bacterial contamination of wards, are
the linen and laundry chutes (I3), but the introduction of
exhaust ventilation through proper design can reduce the risk

of contamination (I2). (It must be stated here that most of
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the studies quoted in this paragraph have not considered the
effect of these factors on actual wound infection or nasal
carriage rates).

The potential of ultra violet (UV) irradiation in
reducing bacterial counts in air, has been applied to the
problem of infection control. AYLIFFE et al.(25, S=I674)
were able to demonstrate a reduction in bacterial transfer
from a cubicle to a corridor, by introducing ultra-violet

barriers. The counts of total organisms and Staph.aureus

on the floor of the airlock were significantly lower when
irradiated with UV lights. However, it is not possible to
derive the impact of UV irradiation on nasal carriage rate,
from this study. The National Research Council (4I,89)
conducted a large controlled investigation to study the
effect of UV irradiation in operating theatres. They conclu-
ded that although the introduction of a UV irradiation system
reduced the number of bacteria in the operating theatre by
more than half, the reduction in post-operative wound infec-
tion was only limited to refined-clean wounds. When this

is viewed with the increase in infection in other categories
of wounds such as clean-contaminated, contaminated and dirty
wounds (in the UV treated group), the indications are that
many other factors influence the incidence of wound infection
to a greater degree than UV irradiation.

Outbreaks of infections in wards are normally arrested
by vigorous application oflaseptic priciples and selective
isolation technigques. In severe outbreaks, the practice of
closing a ward and reopening after extensive cleaning, has
reduced the rate of infections (90, S=2000). Although the

infection rate can be reduced by this method of inducing
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changes in the ward environment by closing and re-opening the
ward, it may only be cost-effective in severe outbreaks of
infection. On the other hand, there 1is some doubt on the
effectiveness of changed environments in reducing infections.
WORMALD (9I, S=528) did not experience a reduction in staphy-
lococcal contamination, when a pre-war burns unit Was trans-
ferred to a purpose built building. However, the implication
of this study cannot be generalised because, (a) the patients
were all burn patients whose susceptibility was much higher
than the normal patient and (b) the study in the old unit
was carried out between I963-64 and the study in the new unit
between I967-69, time periods too far apart to make effective
comparisons between infection rates, particularly at a time
when the role of staphylococcal infections was changing.
BOWIE et al. (92) in discussing the concept of con-
trolling hospital infection by design, states that when isola-
tion is effected by design, the environmental bacterial conta-
mination rate is reduced by a factor of 35-75. There are many
methods of introducing the practice of isolation, varying
from single room isolation away from the main ward, to isola-
tion by partial sub-division. The major considerations in
selecting particular methods of isolation are, the cost
involved in introducing the isolation method and the relative
effectiveness of the isolation method in reducing hospital
infection. As far as the cost is concerned,_total isolation
is the most expensive and partial sub-division, the least.
WILLIAMS et al. (28,93) in comparing infection rates between
patients in isolationwards and in non-isolation wards, found
that isolation ward patients(2.7%) had a lower infection

rate than other patients(6.1%). Further, they observed
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that patients in the isolation wards became nasal carriers
of tetracycline-resistant staphylococci more slowly than
those in the non-isolation wards. JEPSEN et al. (76) found
significantly fewer staphylococcal wound infections among
patients placed in cubicles than among those.in the open ward.
In their investigation in a cubicle ward PARKER et al. (48,
S=U446). experienced a considerably lower nasal carriagé rate
of resistant strains, but no change in the nasal carriage of
sensitive or penicillin-resistant strains. A 55 per cent
reduction in post-operative wound infection following the
transfer of a surgical unit from a "Nightingale" type multi-
bed ward to a new "race-track" type ward with 40 per cent

of its beds in single rooms and with controlled ventilation,
was reported by SMYLIE et al.(94, S=3880) and DAVIDSON et al.
(95). The significance of this environmental change was
further confirmed from a subsequent multiple regression ana-
lysis (DAVIDSON et al. 96). LIDWELL et al. (24) in a study
where patients were nursed in 4-bed rooms separated from a
common corridor only by a low dividing wall, suggested that
sub-division of this type does not hinder the spread of
nasal colonisation compared with open "Nightingale" type
wards.

Although the overall.benefits derived from complete
isolation have been accepted more or less universally, the
relative effectiveness of different methods of isolation is
full of controversy. This may be due mainly to the uncon-
trolled nature of most of the investigations. The majority of
studies on particular isolation methods have been carried
out without first establishing a relevant "control group"

In making conclusions on the effectiveness of the isolation
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method under study, comparisons were often made between
infection rates in the current study and the rate of a dif-
ferent method reported by others. Such comparisons would
induce an obvious bias into the conclusions, as the patient
groups in the two studies may not be compafable in patient
parameters and other multifarious ward parameters surrounding
them. One of the major objectives of isolation is to reduce
the degree of cross-transfer of air between patients. This
can be achieved equally well by introducing proper ventila-
tion systems. Early application of ventilation systems

were mainly limited to operating theatres, where considerable
reductions in post-operative wound infections have been ob-
tained through proper selection of ventilation systems (97).
Although there are cost constraints associated with the possi-
ble universal introduction of ventilation systems to hospital
wards, certain experimental and special wards have been
fitted with ventilation systems. Investigations in such
wards can be used to measure the effectiveness of different
ventilation systems. AYLIFFE et al. (25, S=I674) reported

a significantly lower mean settle-plate counts in recir-
culator-ventilated cubicles than in the open ward and in a
window-ventilated side room. They further reported that,

in a plenum-ventilated cubicle, the mean settle-plate counts
were significantly lower than in the other three areas.
STEINGOLD et al. (98) were able to obtain a considerable
reduction in bacterial air contamination and cross-infection,
with the introduction of a new ventilation system in a ward.
Contrary to these inferences, mechanical ventilation has not
been effective in controlling the spread of an epidemic

strain in a ward (LIDWELL et al. 64). A somewhat similar
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observation has been made by WHYTE et al.(99) in their study
comparing infection and nasal carriage rates between mecha-
nically ventilated sub-divided wards and open wards with
natural ventilation. They failed to obtain any evidence that
the risk of post-operative wound sepsis or of acquired staphy-
lococcal sepsis, was lower in the ventilated sub-divided
wards. However, the nasal acquisition rate was lower in the
ventilated wards among patients who stayed two weeks or less
in the ward; but there was no difference in the acquisition
rates of resistant strains.

A closer examination of bacterial transfer between
patients in ventilated areas is made possible with the use
of particle tracers. Using this method LIDWELL et al. (I00),
LIDWELL (IOI), HAMBRAEUS and SANDERSON (I02) and FOORD and
LIDWELL (26) were all able to demonstrate a reduction in
particle transfer resulting from the introduction of ventila-
tion systems. All these studies however, did not find a
reduction in cross-infection which could be attributed to
the benefits derived from the ventilation system. The
failure of these studies together with the study by WHYTE
et 2al.(99), (where the experimental ward had both the benefits
of mechanical ventilation and sub-division) to reduce the
infection rate, indicates that many other factors may over-
ride ventilation and isolation in determining the incidence
of post-operative wound sepsis. Even if there were some
benefits derived from the introduction of ventilation and_
isolation systems, it is difficult to know whether the origi-
nal capital expenditure on the new system can be justified.
From the varieties of aseptic practices ekperienced by

AYLIFFE et al.(I03), it is probable that cost benefit analyses
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were often not carried out before introducing these changes.

2.6 Patient Parameters

Patients' age and sex are parameters unique to indi-
vidual patients, independent from the patient's clinical
condition or the type of operation to be performed. Two
other parameters, length of stay in hospital which-is a mea-
sure of the degree of exposure to the hospital environment,
and antibiotic therapy (as prophylaxis) can also broadly be
considered as independent patient parameters. The distribu-
tion of these patient parameters in a given patient community,
may determine the nasal carriage rate and the wound infection
rate, quite independently. In other words, these patient
parameters can be incorporated into a measure of the suscep-
tibility of the patients.

2.6.1 Age of Patient

BRUUN (45) reported an increase in nasal carriage rate
of all strains of staphylococcl as well as multi-resistant
strains, with increasing patient age in the three age groups,
under 40, between 40 - 60 and over 60. However, studies by
POLAKOFF et al (IO4, S=36I) on surgical patients and NOBLE
et al.(I05, S=839) on a random sample selected from a normal
population outside hospital, found that the nasal carriage
rate decreased with advancing age. But these two studies
concentrated only on the overall nasal carriagé rate and not
on the carriage rate of resistant strains. It is probable
that with advancing age, hospitalised patients become carriers
of resistant strains by losing sensitive or penicillin-
resistant strains.

The influence of age on wound infection itself is much
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more evident. CRUSE and FOORD (II5, S=23649) in one of the
largest prospective studies on wound infection, found age of
patient to be one of the major determinants of the risk of
post-operative infection. In BRUUN's study (45), wound
infection rate also increased with age in the said age groups.
COWLING (46, S=4898) reported a significantly higher wound
infection rate among patients 40 years and over. The general
significance of age on wound infection has been recognised

by many others (4I,67,I06). A more specific relationship,
where infection rate was lowest in the neonatal period fluc-
tuating from I month through I9 years, and then increasing
from 20 through 99 years has been reported by FARRER and
McLEOD (79, S=3I9). Similar idiomatic relationships, where
the sepsis rate increases progressively during the first 5
decades, then remaining steady and finally increasing in the
ninth decade (8); and the lowest infection rate occurring in
the I5 to 24 age group and increasing upto twice that rate in
the 65 to 74 age group (I07) have been reported.

ALTEMEIER (9) states that "two-thirds of the patients
with hospital acquired septicamea, both gram-negative and
gram-positive, fall within the two age groups, the new born -
and the elderly. Since the frontiers of surgery during the
past I5 years have extended principally within the new born
and elderly groups, the problem of post-operative hospital
acquired infections has been accentuated"... This statement
may infer that the complexity of operations performed in the
extreme age groups is responsible for the higher infection
rate, and not the natural effect of age. - COWLING (46) in
fact attributes the difference in infection rates in his

under 40 and over 40 groups to differences in the complexity
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of operations in the two groups. However, in the more con-
trolled N.R.C. (4I) study, after correcting the wound infec-
tion rates for any bias that may arise frongzzggification,
duration of operation, pre-operative stay, urgency of opera-
tion, diabetes, steroid therapy, obesity and malnutrition,
the infection rate still increased with age. There is only
one large study (I08, S=9447) that has failed to establish
the significance of age on wound infection. The implication
of this study cannot be considered seriously because it was
carried out over a period of 2I years, in which time so many
other relevant factors may have undergone changes.

Although the relationship between age and wound infec-
tion and nasal carriage has been established, the underlying
reason for the relationship is not quite certain. ELMAN(47)
states that the resistance of the older individual to various
infections is in general much lower than it is in the younger
individual. DU NOﬁY (I09) observed that the efficacy of the
repair process of wounds in the elderly deteriorates gene-
rally. On a different note, BAUMGARTNER (IIO) states that
the antibody production is deficient among the elderly.

These explanations together with the complexity of certain
operations in the elderly may result in the higher infection
rates that have been observed in the older patients.

2.6.2 Sex of Patient

A lower nasal carriage rate of all strains as well as
resistant strains among female patients was-reported by
BRUUN (45). 1In carriers of tetracycline-resistant staphylo-
cocci strains, LIDWELL et al.(24) reported a lower carriage
rate among female patients. A lower post;opefative wound

infection rate among female patients has been reported by
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P.H.L.S.(3), N.R.C.(4I), FARRER and McLEOD (79, S=3I9), and
LIDWELL et al.(63, S=7I4). Also when purulent wounds were
studied by JEPSEN et al. (66, S=845), the female patients had
a lower infection rate.

The rationale behind the lower nasal carriage and
wound infection rates among female patients is difficult to
explain. BETHUNE et al.(II7) reported that men disseminate
more staphylococci than females, and AYLIFFE et al.(25)
experienced a significantly lower mean settle-plate count
when a ward was occupied by female patients. FEKETY et al.
(II2) found that new born males are more susceptible to
staphylococci skin infections than females. These three stu-
dies may give some indication as to why the females have a
lower nasal carriage rate. They however do not give any
explanation ragarding the lower wound infection rate. The
difference in wound infection rates may be due to differences
in the types of operations performed on males and females.
The N.R.C. study (4I) attributes the difference to the higher
proportion of non-clean wounds among males, but even after
the figures were corrected for this difference, males still
manifested a slightly higher sepsis rate. This concept of
the greater proportion of contaminated wounds among males
resulting in higher infection rates, has also been supported
by the study carried out by BRUUN (45).

2.6.3 Antibiotic prophylaxis

Normally antibiotics are administered to pre-operative
patients as a prophylactic measure to reduce the risk of endo-
genous infections. These may be administered topically,
orally or systemically. The effect of topibal application is

to destroy infecting organisms in the wound, oral application



- Ko ~

reduces the bacterial flora in the colon and systemic appli-

cation kills the bacteria during operation. Each method

of application may induce many problems or side effects. The
topical and oral applications may induce antibiotic-resistant
strains of staphylococci and systemic application may induce

certain drug problems.

The higher risk of nasal carriage and wound infection
associated with the administration of antibiotics, is well
documented. PARKER et al.(48, S=446) reported that patients
who received antibiotics acquired multiple-resistant strains
in the nose, two and a half times more rapidly than those who
did not. LIDWELL et al.(24) made a similar observation, where
patients who had received antibiotics had a high nasal carriage
rate of tetracycline-resistant strains. When examined closer
they found that patients receiving penicillin had a tetracy-
cline-resistant carriage rate 2.6 times greater than those
without antibiotics, and those receiving other antibiotics
had a carrier rate 3.9 times greater than those who did not
receive antibiotics. EDMUNDS (55, S=2863) noted a reduction
in the acquisition of sensitive strains when antibiotics were
given, and he has listed the association between different
types of staphylococci strains and the different types of
antibiotics administered.

The above studies specify the relationship between
antibiotic use and nasal carriage rate. Prophylactic antibio-
tics are also known to cause a greater degree of post-operative
wound infection. COWLING (46) reported a higher post-operative
wound infection rate (7.I%) among patieﬁts.who received anti-
biotic prophylactically, when compared with those who did not
receive antibiotics (2%). COHEN et 21.(8) noticed



s Ty .

the presence of more antibiotic-resistant strains of staphy-
lococci in post-operative wounds when antibiotics were
administered.

It is probable that antibiotics are administered main-
ly to patients who undergo complicated surgery, and hence the
higher infection rate reported. Further it is also probable
that antibiotics when administered, reduce only antibiotic
sensitive strains, leaving behind all resistant strains.

If we interpret the association between antibiotic prophylaxis
and wound infection literally, then it is better to stop the
practice of antibiotic prophylaxis completely. However, such
a simplistic view ignores the proven benefits of chemotherapy.
KEIGHLEY (7I) has reported that in certain types of surgery,
short-term antibiotic prophylaxis is effective in reducing

the incidence of post-operative wound infection. It may be
that although a higher infection rate is observed in patients
who received antibiotics (greater numbers of whom may be high
operative risk patients), the majority of high-risk patients
benefit from the prophylactic measures, by way of a reduction
in expected (in ithe absence of prophylaxis) infection rates
and the complexity of resulting infections. The explanation
that antibiotics are administered to a greater number of
high-risk patients, does not however, explain the higher nasal
carriage of resistant strains observed among these patients.
It is again probable that antibiotics produce a reduction in
the carriage of sensitive strains, resulting in an increase

in the remaining resistant strains.

2.6.4 Length of Stay in Hospital

Patients' exposure to micro-organisms in the ward

environment is increased with increasing length of stay
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in hospital. This phenomenon may be reflected in the nasal
carriage rate, and if so, the nasal carriage can be used as a
measure of exposure. Many studies (24,28,45,55,63,64,99, 104,
II3) have reported an increase in the nasal carriage of tetra-
cycline or multi-resistant strains of staphylococci, with
increases in length of stay in hospital. The carriage of
sensitive or all strains of staphylococci reduces with in-
creasing length of stay (45,48,63,99,II3), which implies that
patients tend to lose sensitive strains and acquire more
resistant strains with increasing length of stay in hospital.
Instances where no overall increase in carriage rate with
length of stay have been observed (WILLIAMS et 2l.93,S=606);
these studies tended to quote carriage rates for all strains
of staphylococci. In such studies it may be probable that
the increase in the carriage rate of resistant strains is
equal to the reduction in the carriage rate of sensitive
strains, thus making the overall carriage rate to be constant

over the period of time.

2.7 Application of Multiple Regression

When studies are carried out to investigate the signi-
ficance of certain factors on wound infection (or nasal
carriage), it is often difficult to attribute with confidence
a change in the observed infection rate to any one of the
related factors. It is generally through hind sight and not
purely on scientific analysis that we make conclusions on the
significance of certain parameters on wound infection and
nasal carriage. Ideally, we must carry out studies on one
variable at a time, keeping all other variables constant dur-

ing the study. However, due to many practical difficulties
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such controlled experiments cannot be conducted. Multiple
regression analysis is a technique that can be used to over-
come these practical difficulties. Once the independent
variables(e.g. age, type of operation) in an experimenf are
identified, multiple regression technique would evaluate
the relative importance of each variable on the dependent
variable (e.g. infection rate or nasal carriage rate).

The principle of multiple regression is described in most of
the fundamental books of statistical theory.

LIDWELL (44) applied multiple regression analysis to
the results of the P.H.L.S. survey (4) and established the
significance of wvarious operative procedures and patient fac-
tors on the risk of post-operative wound infection. He conclu-
ded that age over 60, male sex, long duration of operation,
incision over 6 inches long, the insertion of a drain and
certain types of operations, to be associated with a high
risk of infection. Type of operation, wound contamination,
insertion of a drain, nasal carrier state of resistant strains,
duration of operation, and pre-operative hospitalisation
resulted as significant factors on wound infection in a multi-
ple regression analysis carried out by BRUUN (45). DAVIDSON
et al.(96, S=I000) applied the multiple regression technique
when a change in the ward environment was made, and found
that the ward environment was a significant factor in wound
infection, together with the type of wound (cléan or dirty),
the presence of bacteria in the wound at the end of.the
operation, age of patient, and the duration of operation.

A subsequent study by LIDWELL et al.(24) used muitiple regres-
sion analysis on factors that might effect the nasal acquisi-

tion rate,and found that age and antibiotic treatment to be

the primary factors.
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CHAPTER 3

IMPLICATIONS

3.1 Critique of the Literature Survey

In the actual literature survey somewhere around 450
original articles were referenced, but only a selection are
quoted in Chapter 2. Some of the reported investigations
were based on extremely obscure experimental methodologies,
which were responsible for much of the confusions surrounding
this field of study. Experiments were often uncontrolled,
based on small samples, and results reported even without the
application of simple statistical tests to verify the validity
of the observations. Some have even formed conclusions before
carrying out a test, and for obvious reasons the tests con-
firmed their instinctive beliefs, quite contrary to the basics
of scientific investigations. Nevertheless, non-controlled
studies have provided useful evidence on the sources of infec-
tion and modes of spread. The majority did not take into
account the fact that there may be other factors (apart from
the one being tested) which may influence wound infection.

A good example is the study quoted earlier (73), where it was
demonstrated that nasal carriage in pre-operative patients can
be reduced by segregating the pre and post;operative patients.
On the surface, it appears to be a major genuine revelation;
but when one considers the fact that post-operative patients
stay longer in hospital than pre-operative patients, and that
post-operative wounds disperse more staphylococci, their
conclusions on the effectiveness of segregation seem to be
somewhat dubious. |

The interpretation of the literature is made more
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difficult by the different terminologies that are used by
different researchers. The term "nasal carriage rate™ has
been used by some to refer to the carriage of all strains of
staphylococci, whereas others have used the term referring

to the carriage of antibiotic resistant strains only. Further,
nasal carriage rates reported in certain studies do not indi-
cate whether they are carriage rates on admission or on a
later day. Therefore, it appears that there is a great need
to adhere to a standard terminology in this field of study.
When reporting nasal carriage rates, the day (related to the
day of admission) the carriage rate was studied, and the anti-
biotic sensitivity pattern of the strains must be mentioned.
The practice of reporting wound infection and nasal carriage
rates as a percentage, without any indication of the number of
patients in the group must be prevented. The total number of
patients in the study as well as in the groups in the analysis,
together with the year and the period of study should be

mentioned in future reports.

3.2 General Conclusions of the Literature Survey

The literature survey did not adequately resolve the
many controversies surrounding this area of study. However,
certain general conclusions can be derived from the literature
discussed in Chapter 2. Hospitalised patients acquire anti-
biotic resistant strains of staphylococeci in their noses.

The reason why some patients become carriers and some do not,
under similar environmental conditions is not too clear.

It is probable that variations in individual resistant patterns
are related to the nasal carriage of staphylococci. The rela-

tionship between the number of staphylococci in the ward air



- 6 o

and the risk of nasal carriage is a difficult one to quanti-
fy. The experience of LIDWELL et al.(25,63,64) that a
reduction in aerial contamination results in a much less than
proportionate reduction in nasal carriage, seems to be a
likely explanation.

Whether there is a significant association between
nasal carriage of resistant staphylococci and wound infection,
is difficult to reject or accept in view of the literature
cited. Most of the studies quoted were based on relatively
small samples, and there was some confusion over the termino-
logy used in different studies. None of the studies have
made any attempt to rectify the observed carriage rates
against any bias, that may have been induced from other fac-
tors such as age and length of stay. Also, in some of the
studies it was not clear whether nasal carriage was observed
before or after the onset of wound infection. If the carriage
rates reported are those observed after the acquisition of
wound infection, then the reported relationship would obvious-
ly be a spurious one. With so much uncertainty and variations
in the experimental methodology, a true comparison cannot be
made easily. However, nasal carriage in itself reflects
two characteristics which are somewhat related to the risk of
wound infection. Firstly, nasal carriage of resistant staphy-
lococci is a measure of the patient's exposure to the ward
environment as well as a measure of the level of ward contami-
nation. Secondly, nasal carriage rate is an indication of
the susceptibility of the patient. Therefore, when the
implications of these two factors on wound infection are
considered, nasal carriage of resistant staphylococci can be

used as a measure of the risk of post-operative staphylococci
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cross-infection (and to some extent on the risk of wound
infection).

The factors associated with the risk of post-operative
infection are more apparent. There is hardly any confusion
over the significance of factors such as type of operation,.
contamination, drainage and other operative procedures on the
incidence of wound infection. Certain patient parameters
such as age, sex and antibiotic therapy, are also associated
with the risk of infection. What is lacking is the emphasis
on the relative importance of these operative and patient
parameters, on the level of wound infection. The application
of the multiple regression analysis has made some headway in
this area.

The literature cited does not make it any easier to
resolve the problem on the source of post-operative wound
infection. Here too, doubtful experimental methodology and
the use of confusing terminology have made the problem even
more controversizl. As the significance of both the ward
environment as well as the theatre environment has been well
documented, both these can be considered as sources of post-
operative wound infection. If one accepts 6 - I0 days as
the mean onset of post-operative infection (5,8,28,45,79),
and the incubation period of staphylococci infection to be
less than 48 hours, then it is highly probable that the
majority of infections are ward infections. :However, it
must be recognised that the onset of infection is not a good
indicator of the source of infection, particularly in instances
of very deep sepsis. Therefore, both the ward and theatre
environments are considered as sources of hospital infection;

and recent experience (2,7I) suggests that endogenous
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infections are becoming much more frequent. If only staphy-
lococcal wound infections are considered, BRUUN (45) in I970
pointed out that about three-quarters of such infections are
acquired in the ward. Since, multiple antibiotic-resistant
staphylococci are acquired in wards, the use of the nasal
carriage rate as an indicator of ward cross infection can

be justified.

Nearly all the possible ward sites that may be conta-
minated have been studied. Many practices were introduced
to reduce the level of aerial contamination in wards. Most
notable ones are the introduction of UV barriers, isolation
methods and mechanical ventilation. The impact of these
practices on the reduction in aerial contamination has been
demonstrated without any doubts. What is lacking however,
are studies examining the effect of these on nasal carriage
and wound infection. A mere relative reduction in aerial
contamination is fruitless if it does not result in a reduc-
tion in nasal carriage and wound infection. It is probable
that the airborne route is less significant as a route of
cross infection. Also, the LIDWELL et al.(24,63,64) concept
of the quantitative relationship between the level of aerial
contamination and nasal carriage, may be appropriate in this
area. This concept may also have implications on the cost-
effectiveness of introducing these practices. Proper cost
benefit studies must be carried out before implementing or
introducing changed environmental factors into wards and
theatres.

The significance of patient parameters on wound infec-
tion and nasal carriage has been well documented. The age

of patient appears to be the most prominent parameter.
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Although it has been argued that the elderly are more likely
to acquire infections because they undergo complicated surgery,
the type of surgery in itself can be considered as a function
of patient's age. Further, the type of operation cannot
influence the relationship between nasal carriage and age of
patient. Therefore, the effect of age on wound infection
and nasal carriage is independent of other factors. The
relationship between length of stay in hospital and nasal
carriage of resistant strains, is an absolute one; which can
be used as a measure of the exposure to the ward environment,
and also to some extent, as a measure of the patient's suscep-
tibility to infection. There is some doubt over the signifi-
cance of sex and antibiotic therapy on nasal carriage and
wound infection. On antibiotic therapy it is difficult to
distinguish the difference between cause and effect; whether
the antibiotics were administered to patients with a higher
risk of infection or whether the antibiotic treatment resulted
in the higher rate of infection. There is no such bias in the
relationship between antibiotic use and nasal carriage, and
it is probable that sensitive strains are suppressed by the
use of antibiotics resulting in a higher carriage rate of
resistant strains. The lower wound infection rate among
females may be a result of the less complicated surgery they
undergo, and their lower nasal carriage rate. The reason
for the lower nasal carriage rate among females is rather
unknown.

Multiple regression analysis is uéefpl in determining
the relative significance of various factors on nasal carriage
and wound infection. However, if this technique is applied

indiscriminately to studies with small sample sizes to test
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the significance of a large number of related factors, the
emergence of spurious relative significances would be inevi-
table. Therefore it is better to limit this technique to

large surveys.

3.3. Cross Sectional Surveys

The aetiology of staphylococci wound infections can be
studied either using a continuous survey or a cross-sectional
(or prevalence) survey. The more commonly used continuous
surveillance method is useful in keeping track of fluctuations
of endemic infections and demonstrating the occurrence of out-
breaks of infection in individual hospitals. This method of
surveillance however, has limited use in comparing infection
rates of different hospitals. A meaningful comparison of
infection rates between hospitals cannot be achieved due to
the variations in definitions and methodologies in such
studies. In cross-sectional (or prevalence) surveys a single
team visits each hospital for a period of days or weeks, and
since the same criteria is used by the team in judging infec-
tions, this is an appropriate method for inter-hospital compa-
risons. Further, when cross-sectional surveys are carried
out, it is possible to obtain a large sample of patients in
a short period of time, which would not be pradtical in conti-
nuous surveillances. Also, the sample obtained would be
relatively free from any bias arising from the changing nature
of staphylococci infections over the years.

Although EIKHOFF et al.(II4) have reported the appropri-
ateness of using cross-sectional surveys for inter-hospital
comparisons of infection rates, there are cerfain inconsis-

tencies associated with such comparisons. Ideally, when
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comparisons are made between hospitals, apart from factor(s)
under study, the hospitals must be comparable in the suscep-
tibility of the patient populations and in the overall ward
practices and structures. For example, if comparisons are
made between a general hospital and a specialist unit such _
as a skin hospital, there w ould be obvious differences in
infection rates. Similarly, if a hospital which has a great-
er number of cubicled wards is compared with a hospital with
a large number of open wards, there would again be a bias

due to the differences in sub-division. However, if the
comparisons are based on a very large survey, the differences
in ward pratices and structures may not be so important in
comparing infection rates. In such cases, the differences in
susceptibility of the two patient populations must be correct-
ed, using some index defining the patient parameters.

3.3.I The Birmingham Survey

With the intention of clarifying some of the uncertain-
ties in this area, a large cross sectional survey was carried
out between I967 and I973 by the Infection Research Labora-
tory, Dudley Road Hospital, Birmingham (4,5I). The survey
covered hospitals in the Birmingham region, where 38 hospitals
were visited and repeat surveys made in I2 hospitals. Over
12000 patient records were collected from about 520 dif-
ferent wards. Most of those visited were general hospitals,
both large and small, including hospitals in the teaching
group; a number of small specialised units-were also visited,
including neurosurgical, thoracic, opthalmic, orthopaedic,
accident, skin and ear, nose and throat hospitals.

3.3.2 Technique of Survey

Before the first survey of a hospital, a preliminary
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visit was made to discuss details of the study with senior
members of the medical, nursing and administrative staff.
Agreement for the survey was obtained from the Medical Staff
Committee. In the survey, a team consisting of the Research
Nurse and a Consultant Microbiologist or a Technician visited
the wards, one ward per morning, and collected data which
were entered on specially designed forms (Appendix A).
Information about a patient's age, sex, date of admission,
diagnosis, date of operation, wound sepsis or other infection
and antibiotic treatment at time of visit, were recorded on
one form, and details of ward structure and aseptic and domes-
tic practices were recorded on other forms. The nurse or
microbiologist attended the routine dressing of wounds and
recorded the presence or absence of sepsis by criteria des-
cribed below. Information on all acquired infections and on
antibiotic treatment was obtained from case-notes, ward
records and temperature charts and from discussion with the
ward sisters. Criteria for infections other than those of
wounds were similar to those used in a study by the Centre
for Disease Control, Atlanta (GARNER et al. I26). Nose swabs
were taken from all patients and staff in the ward at the
time of the visit and from all infected operation wounds or
other open lesions. Many samples were takén from environ-
mental sites, especially 'wet' areas or equipment.

The information on the forms was transferred initially
to punched cards by the Regional Health Authority. After
validation they were transferred to tape, and the analysis
carried out using the University of Aston Computer ICL IQOA4S.

5 P Bacteriological Methods

Wound and lesion swabs were cultured aerobically on
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on blood agar and Mac-Conkey plates. Nose swabs were cul-
tured on nutrient agar containing I per cent horse serum,
diphenolpthalein diphosphate for recognition of presumptive

Staph.aureus (BARBER & KUPER, I27 ) and tetracycline ( IO/ug

/ml). Tetracycline was not included in plates used for cul-
turing nose swabs from maternity units, where cross-infection
commonly occurs with antibiotic sensitive strains or strains
resistant to penicillin only, probably because the adult
patients were young females staying in hospital for a short
time only. Swabs taken from a number of environmental sites
were cultured on blood agar, MacConkey's medium, improved
cetrimide agar (BROWN & LOWBURY, I28 ) and in nutrient broth.
Some sterile fluids and disinfectants were also examined for
possible contamination. Antibiotic sensitivity tests were
made by a ditch-plate, or disk diffusion method, on strains

of Staph.aureus isolated from noses and lesions, and on gram-

negative bacilli isolated from lesions. Most strains of

Staph.aureus isolated from wounds or lesions were phage typed

(BLAIR & WILLIAMS, I29 ).

3.3.4 Definitions (Survey)

Wound Infection:

Operation wounds were divided into three categories modified
from those described in a survey made in the U.S.A. (National
Research Council, 41 ) as follows:

Clean wounds;

An operation not transecting gastro-intestinal, genito-urinary
or tracheo-bronchial systems and not performed in the vicinity
of any apparent inflammatory reaction.

Clean-contaminated:

An operation transecting one of the above systems, where
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bacterial contamination could occur but evidence of contami-
nation was uncertain, e.g. operations on the stomach, gall-
bladder and bladder.
Contaminated:
An operation transecting systems where bacteria ars known to
be present (and usually abundant), or in the vicinity of
apparent inflammatory reactions, e.g. operations on colon,
perforated appendix, mouth.,

The list of operations classified as clean, clean-

contaminated and contaminated, are given in Appendix B.I.

3.4, The Present Work

The major implication of the literature survey was the
need to establish some form of a susceptibility index, based
on the significance of various patient parameters. Such an
index can be used in future studies to adjust infection and
nasal carriage rates for any bias derived from the incompara-
bility of the patient populations under study. Hence, the
primary objective of this study was to formulate such an
index from the analysis of the survey data. Before the for-
mulation of an index (a model) the significant patient para-
meters must first be isolated. The significance of age on
wound infection and nasal carriage,and lehgth of stay on
nasal carriage, is evident from the literature survey. Thesé
two parameters can therefore be incorporated into an indivi-
dual or a joint model without much doubt. The significance
of sex and antibiotic usage is not so clearly visible in the
literature survey. Their significance must be established
before incorporating them to a model. Oh modelling itself,

the most commonly used method of multiple regression analysis
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will be employed in the first instance. ZLater, attempts are
made to formulate a similar model using mathematical techniques.

The survey also had certain other objectives, when it
was originally designed. In this area, primarily it was in-
tented to offer indications of the changing nature of the
problem of wound infection. In recent times such large
cross-sectional surveys have not been reported by others, and
hence, the results of this survey should indicate the current
trend. Cross-sectional surveys are particularly useful and
accurate in determining the current trend. Secondarily, the
survey was designed to investigate the significance of opera-
tive parameters such as type of operation, wound classifica-
tion, wound drainage, pre-operative stay and associated fac-
tors. These two aspects of the objectives are considered in
this study prior to the investigation of patient parameters.
It must be recognised at this stage that it is not possible
to test the association between nasal carriage and wound infec-
tion from this study, because cross-sectional studies do not
indicate whether the nasal carriage was noticed before or
after acquiring a wound infection.

A further objective of the survey was the examination
of the significance of ward parameters on nasal carriage and
wound infection. Over 200 ward parameters were recorded dﬁr—
ing the survey and from the design of the survey, it is possi-
ble to relﬁte ward parameters to the rate of infection (or
carriage) of the patient groups which were associated with
those ward parameters. A crude comparison of infection or
carriage rates would give a biased result, due to differences
in patient parameters. This bias, however, can be avoided - 4

a susceptibility index is used to correct the results.
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The multiple regression model will be used to correct these
results before investigating the significance of ward para-
meters. Even after correcting these results, much weight
cannot be attached to these significances, because there are
many interactions occurring when cross-sectional surveys are
analysed. This correction is more than anything, used as an
example of how the model describing patient parameters can
be used in a practical sense. Ideally, the model should
mainly be used in continuous surveys and other investigations
in this area. Cross-sectional surveys are exceptions in this
sense, because of the extremely large number of variables and
interactions; even after correcting the results using the

modél, some bias would still persist.
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CHAPTER 4

PRIMARY ANALYSIS

L.,I Definition of Wound Infections

In the survey, wounds were described as having (I) no
infection (2) redness of edges and serious diécharge (3) pus
or (4) cellulitis. The presence of haematoma, sinuses or
fistulae, wound breakdown, slough or deep abcess was recorded.
The presence or absence of a drain was also recorded.

Wounds described as clinically infected were graded as
mild, moderate or severe. Doubtful infections, mild infec-
tion of drainage wounds and wounds previously infected but
healed at the time of the survey, were also recorded.
Severity of infection was defined as follows:

Mild- A small or superficial area of inflammation

with minimal discharge.

Moderate-Superficial inflammation of whole wound( or
over onethird) with a serous exudate or small
amount of purulent discharge or a deeper in-
fection involving a small area (one-third or
less) usually with a purulent discharge.

Severe- A deep purulent infection with or without
sinuses or fistulae or widespread cellulitis
or wound breakdown with an obvious inflamma-
fory reaction and pus.

The grade of severity, although based on the above defini-
tions, was a personal opinion of the observer. However, some
consistency was ensured because all wounds were examined and
assessed by one or the other of the two observers. '

In the analysis, doubtful infections and certain
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categories of operations, e.g. vaginal, rectal, traumatic and
drainage of abscesses, have been excluded. The wound infec-
tion rate is the percentage of patients infected in a particu-
lar patient group under study and included mild, moderate and

severe, but not doubtful infections.

L.2 Wound Infection Rate

Out of the II7I6 patients in the survey 3354 had opera-
tions and the corresponding total wound infection rate was
I5.4 per cent. When purulent wounds are used as a criteria
of wound infection® the rate is only 6.9 per cent. Table I
shows the classification of wound infections into types of
wounds. As expected the infection rate was lowest in clean
operations (8.6%) and highest in contaminated operations
(4I.3%) and in clean-contaminated wounds the infection rate
was 2I.I per cent. The difference between these three cate-
gories is statistically significant (Xg: 286, 2 D.F., P < 0.001).

Table I. Type of Wound and Infection Rate.

Type of Wound
. Clean Contam Clean-contam not Total

ND D ND D ND D known
No. in group I553 560 1I34 232 393 476 6 3354

Percentage

infected(all ; '

infections) 6.I I5.5 30.6 47.4 16.0 25.2 0 I5.4

(Purulent ol L '

wounds ) (3.4)(6.3)(18.7)(31.9)(9.2)(T10.3) O (6.9)
ND: not drained. D: drained.

¥ The purulent criteria is only used in Table I for the
figures in parenthesis. Other infection rates relate to
the definition given at the end of section 4.I, except for
resistant staphylococci infection rates in section 4.2.I.
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Drains were inserted in about a third of operated
wounds and drained wounds had a significantly higher infection
rate (25.0%) than undrained wounds (9.6%) (x%= I45, I D.F.,

P <0.00I). Table 2 shows infection rates in wounds with
different types of drain. In 32 drained wounds the type of
drain was not recorded at the time of the survey. Lower infec-
tion rates were found in wounds with smaller drains or closed
drainage systems, e.g. 'Redivac', and the highest rate in
wounds with more than one drain. The concept of lower infec-
tion rates in clean undrained wounds was also true when the
purulent criteria was used (figures in parenthesis Table I).

Table 2. Type of drain and wound infection

rate.

Type of Drain Number of Patients Percentage

infected
Redivac il Lo7 s I%:I
Corrugated i 223 30 ST
Large tube Bs 273 v 28.9
Wick ‘e I9 ele 263
Small tube T I55 Jie 20.6
More than one drain 69 o L4o.6
(not known) P 32 &b 12.5
Total ale 1268 Sis 25.0

4.2.I Bacteria of Infected Wounds

Swabs were taken from 906 wounds, including mild infec-
tions of drained sites and doubtful infections which were
excluded from the wound infection rate analysis. The bacteria
which were isolated are shown in Table 3. More than 6ne orga-
nism was often isolated from a wound. Most of the swabs which
did not yield one or more of these organisms showed no bacte-

rial growth.

Table 3. Percentage of wounds which yield ed bacteria.

Percentage
Staph. albus . I3
Staph. Aureus is 24
E. Coli S T
Proteus sp. 15
Klebsmella-enterobacter sp I%

Ps.aeruginosa

\.
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Table 5. Type of patient and wound infection rate.

Number of Infection

Patients Rate(%)
General surgery & I647 19.2
Gynaecology R 180 12.8
Obstetrics - 87 L.6
Paediatrics v I57 I5:3
Orthopaedic r 431 6.5
Geriatric surgery .. 36 25.0

The length of pre-operative stay in hospital is consi-
dered as a factor associated with the risk of infection. In
this study 38 patients were operated on the day of admission
(some of which were emergency operations), and about two-
thirds of patients operated within the first three days after
admission. Table 6 shows the relationship between pre-opera-
tive stay and wound infection. If the patients operated on
the day of admission are disregarded as special cases ( e.g.
emergency), then there is a general increase in wound infec-
tion with increases in pre-operative hospital stay. The
difference between these four latter groups was statistically
significant (x2= 35.3, 3 D.F., P<0.005).

Table 6. Pre-operative stay in hospital and infection
rate

Day of I -3 4-6 7-9 over 9
Admission days days days days

No. in group 38 2189 384 211 532
Infection Rate(%) 21,0 ' I3.0 I7.4 15.2  23.1

There was not sufficient information recorded at the
time of the survey to evaluate the significance of associated
factors such as immuno-suppressive drugs, irradiation, mal-
nutrition, obesity and diabetes. For similar reasons the

source of infection (ward, theatre or self) could not be

determined.
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In wounds where swabs were taken, I4.I per cent were
colonised with antibiotic resistant Staphylococci aureus.
When resistant Staphylococci is used as a criteria of wound
colonisation in these 906 swabbed wounds, clean wounds (I3.I%)
and clean contaminated wounds (I3.I%) had a lower colonisation
rate than contaminated wounds (I9.5%), but the difference was
not statistically significant (x%= 4.65, 2 D.F., P< 0.I).
In the swabbed wounds 526 contained drains and the remaining
285 wounds were not drained. When the same criteria of wound
colonisation was applied, drained wounds (IL.3%) showed a
lower colonisation rate than undrained.(IB.I%) wounds, but
the difference was not significant (x2= 0.09. I D.F.,P< 0.75).
The classification of the swabbed wounds into wound types,

using resistant Staphylococci as a criteria, are shown in

Table 4.
Table 4. Resistant Staphvlococci Colonisation
Rate in Swabbed Wounds
Clean Excluded
Clean Contaminated Con'ntd.
ND D ND D ND D Total
No. in group I6I 160 47 138 77 228 .95 906
Percentage
colonised
(Resistant Staph.
aureus) I3:0 I3.T 25.5 J7.% 13.0 13.2 T0.5 -Th.IT
ND- not drained D- drained

4.2.2 Other Factors Related to Infection

The classification of all patients into the types of
patients is listed in Appendix B2. Over three quarters of
operated patients fitted into seven major types and these are
given in Table 5. The lowest infection rate was found among
the obstetric, orthopﬁedic and gynaecology patients and the

highest among geriatric patients.
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Older age of patient and sex (male greater than female)
were associated with a high incidence of wound infection, and

these are discussed in detail in Chapter 5.

4.3 ©Nasal Carriage Rate

The total nasal carriage rate was 8.6 per cent. When
the nasal carriage rate was broken down into operated and
non-operated patient groups (Table 7), the operated group had
a significantly higher nasal carriage rate than the non-
operated group (x%= 5.46, I D.F., P <0.025). This difference
in carriage rates could not have been due to the possibility
of a greater proportion of the operated patients being of a
higher age group, because the age distribution in both the

operated and non-operated groups was similar.

Table 7. Nasal carriage rates in operated and
non-operated patients.

Operated Non-operated Total
No. of patients 4159% 7557 11716
Nasal carriage rate(%) 9.5 8.2 8.62

* This figure includes 805 operated patients who were
excluded from wound infection rate calculations in
Tables I - 6

Like the operated patients, over three-quarters of all
the patients in the survey, could be classified into seven
major patient types. The nasal carriage rate for different
types of patient, is shown in Table 8. The lowest carriage
rate was observed among the gynaecology, dbstetric, paedia-
tric and orthopaedic patients and the highest carriage rate
among geriatric patients. These categories of patients re-
flecting the highest and lowest carriage rates are somewhat

similar to the categories of infection rates shown in Table 5.
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Table 8. Type of patient and nasal carriage rate.

Number of Patients Carriage Rate
General surgery i 2785 9.6
General Medicine o 2172 10,5
Gynaecology o4 575 2.4
Obstetrics S 1363 4.0
Paediatrics s 659 4.0
Orthopaedic e 835 8.5
Geriatric o Loy 23.5

The possibility of seasonal changes in nasal carriage
rates was studied and no correlation was found. The somewhat
higher carriage rate in December (Figure 2) could be a result
of the abnormally high proportion of highly susceptible
patients that are left in hospital during the festive season
(most of the not-so-severely-ill patients go home for Chrf%masl

0ld age, sex (male more than female), length of stay
in hospital and exposure to antibiotics were all associated
with a higher incidence of nasal carriage. These patient

parameters are discussed in detail in Chapter 6.

4.4 Conseguence of Infection on Hospitalisation

The mean hospitalisation for patients with wound infec-
tions was 28 days and for non—infected.operated patients I8
days. For patients with hospital acquired infections (ex-
cluding wounds), the mean length of stay was 33 days. For
patients with wound infections or any acquired infections,
the mean length of stay was 30 days, as opposed to the mean
of I6 days for all other patients. The implications are,
that infected patients stay twice asllong in hospital com-
pared with non-infected patients. (It must be stated here
that the days in hospital refer to the time spent in hospital

up till the day of survey, as opposed to a continuous survey
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where actual length of stay can be evaluated. However, cross-
sectional surveys also reflect the actual trends and these

figures can be assumed to be representative of the true

situation.)
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CHAPTER 5

SIGNTFICANCE OF PATTIENT PARAMETERS ON WOUND INFECTIONS

5.1 Introduction
The wound infection rate of I5.4 per cent reported in

the previous chapter emphasised the problem of post-operative
wound infection. The purulent wound infection rate reported
therein is similar to the rates reported elsewhere (96,II6).
The primary analysis confirmed the significance of parameters
such as type of wound (clean Vs. contaminated), insertion of
a drain, pre-operative length of hospitalisation and type of
patient, on the risk of post-operative wound infection. It
also indicated that o0ld age and male sex are associated with
a high incidence of wound infection. Age and sex are para-
meters unique to every individual patient, irrespective of
his clinical or operative condition. Previous studies only
viewed the age of patient as a qualitative concept, merely
stating that high age is associated with a higher risk of
acquiring a post-operative infection; and studies on the sig-
nificance of the sex of patient have been somewhat inconclu-
sive. Clearly there is a need to quantify the association
between age and wound infection rate, and to establish the
significance of sex of patient on wound infection. In this
chapter, the significance of age is guantified using a curve
fitting approach, and the significance of sex of patient is
investigated by making allowances for any bias arising from
associated factors such as type of woﬁnd, presence of drains

'

and type of operation.
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5.2 Age of Patient and Wound Infection Rate

In order to examine the association between post-
operative wound infection and patients' age further, patient
ages were classified into nine major groups both for conve-
nience and to provide an adequate sample size for analysis.
The wound infection rates for these age groups are shown in

Table 9.

Table 9. Wound infecfion rate and age of patient.

Age Group No. in Group Infection Rate
ILess than I .. He o 1.5
I - 9 . I77 e 13.6
I0 - I9 . 234 i 120
20 - 29 ‘s 310 S 1.3
30 - 39 o 316 o II.4
Lo - 49 3 458 .o I3.1
50 - 59 T 551 1 16.2
60 - 69 i 6 Tk S o 2I.2
70 & over 2 642 S 16.7
Total o 3354 s I5.4

Most of the patients under one year old were neonates
and most of the over 70 year old patients were classed as
geriatrics. For most of the analytical studies these two
extreme age groups were not included as their clinical condi-
tions are not necessarily representative of the majority of
patients. The differences in infection rates in the remain-
ing seven age groups (I to 69) were statistically significant

(32= 31.0, 6 D.F., P < 0.005).
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The relationship between age and wound infection rate
can best be represented by a quadratic equation of the form
Y = A - BX + CX2, where Y is the infection rate, X is the
age and A, B and C are constants. For the data in Table 9
(age I - 69 only), the following quadratic equation gave the
best fit, with a sum of squared deviation (SSD) of 0.5 which
absorbs more than 99 per cent of the variance about the mean;

Y = I5.35 - 0.34X + 0.0065X%2

differentiating to obtain the minimum value for Y,

H =0 atx=26
This fitted curve ( Fig. 3) therefore suggests a mini-
mum infection rate about the age of 26 years, with the infec-
tion rate increasing for younger or older ages.

Kol Patient age, sex and wound infection rate

It is possible that the above trend of age is a func-
tion of the distribution of male and female patients in
different age groups. In order to test this phenomenon,
patient age groups were further classified according to sex
(Table I0). Although female patients had a lower infection
rate, the influence of age on both these groups was similar.
The relationship between age and wound infection rate for both
groups can be represented by quadratic equations. The equa-
tion for the male patient group is

Y = I8.1I8 - 0.359X + 0.0067 X2 , SSD= 5.4
which absorbs 93 per cent of the variance about the mean and
has a minimum infection rate at 27 years. For female patients

Y = 9.49 - 0.II8X + 0.0038X2 , SSD = 6.5
which absorbs nearly 98 per cent of the variance about the

mean and has a minimum infection rate at I5 years.
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These two curves are shown in Fig. 4. The difference in
infection rate due to the sexes was greater in the younger

age groups.

Table I0. Age, sex and wound infection rate.

Males Females
Age Group No. of Percentage No. of Percentage
Patients infected Patients infected

I-9 5 116 T6.6 61 £.2
10« 19 .. 132 . I3.6 102 9.8
20 = 29 e T4T 4,2 169 8.9
30 - 39 .o I08 I4.8 208 9.6
L0 - 49 s 210 13.8 248 g
50 - 59 s 299 19.1 252 12.7
60 - 69 . 330 233 284 8.7
(70 & over) (271) (2I.0) (371) (13.5)

5.2.2 Age, Type of Wound and Infection Rate

The relationship between age and wound infection rate
could well be a result of the type of operations or wounds
associated with particular patient ages. To examine this
concept in detail, patients were divided into the three wound
categories - clean, contaminated and clean-contaminated.

The wound infection rates in these categories were then classi-
fied into the seven age groups as before (there were only 366
contaminated wounds, too small a sample to claséify into age
groups). The infection rate in different age groups for clean
and clean- contaminated wounds are shown in Table II. Even
after this classification the quadratic nature of the age

curves was clearly evident.
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The equation for clean wounds was

Y =6.7 - 0,092X + 0.0024%X2 , 88D = 2.4
and for clean-contaminated wounds
Y = 19.5 - 0.335X + 0.0078%2 , SSD = I5.9.

These two curves are shown in Fig. 5.

Table II. Age and wound infection rate for clean and

clean-contaminated wounds

Clean Clean-contaminated
Age Group No. of . Percentage No. of Percentage
Patients infected Patients infected

1 es " 115 7.0 38 18.4
10 - I9 sis 13D - 5:.26 82 15.85
20 - 29 ols 198 5.05 87 T4 .94
30 - 39 e 219 6.85 77 15.53
Lo - 49 s 311 8.04 117 23.08
50 - 59 o 351 8.26 I34 2313
60 - 69 A 355 I0.42 167 29.34

(70 & over) (401) (I1.97) (I52) (I8.42)
Total” 2083 8.6 854 218

% excluding under I year olds.

5.3 Sex of Patient and Wound Infection Rate

As shown in Table I2, the male infection rate for all
infections was significantly higher than the female infection
rate (x2 = 18.8, I D.F., P < 0.005). Also, when wound infec-
tion was defined using the purulent criteria, the significant-
ly higher male infection rate still persisted (x? = JR°T;
ID.P., P <0.005). It is possible that the difference is

due to the presence of a high proportion of older patients
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among male patients, but as can be seen from Table IO, this

is unlikely and further, male infection rate is higher in
every age group. Evidence of higher male colonisation rates
was obtained when the 906 wound swabs were analysed for resis-
tant staphylococcal strains (Table I3). Here again the male
patients (I6.9%)had a significantly higher staphylococcal
wound colonisation rate than female patients (I0.7%) (x2= 7.0

I DiB., P <0001}

Table I2. Sex of patient and wound infection rate.

Male Female Total
No. of Patients o 1641 I713 3354
Percentage Infected
(All Infections) /5 I8 1 327 I5.4
Percentage Infected
(Purulent wounds) S 9.8 6.5 8.1

Table I3. Sex of patient and resistant staphylococci

wound colonisation rate.

Male Female Total
No. of Patients .. 504 Lo2 906
Infection Rate i 1 265 0.7 4. I

5o e d Sex of Patient, Type of Wound and Infection Rate

BRUNN (45) and the N.R.C. Study (4I) indicated that
the higher male wound infection rate can be the result of a
higher proportion of contaminated wounds amdng male patients.
This is possibly true, because (as seen in Table I4) in ciean
wounds female patients (8.9%) had a slightly higher infection

rate than male patients (8.2%); but the difference was not



< L

statistically significant (x2 = 0.4, I D.F., P> 0.5).
However, Table I4 also shows significantly higher male infec-
tion rates in contaminated wounds (xz = II.6, I D.F.,P<0.005)
and clean-contaminated wounds (x? = 8.3, I D.F.;, P < 0.005).
This shows that male patients have a significantly higher
infection rate following contaminated and clean-contaminated

surgery.

Table I4. Sex of patient, type of wound and infection rate.

Mzale Female Total
Clean - 8.2 8.9 8.6
(932) (II8I) (2113)
Contaminated o ho.2 32,2 41.3
(I95) (I7I) (366)
Clean-contaminated. . 24 .5 6.2 . P
(5II) (358) (869)

Number of patients given in brackets.

T Sex of Patient, Wound Drainage and Infection Rate.

Another parameter of wound infection that may have
introduced a bias into the observed higher male wound infec-
tion rate, is the presence of wound drains. In all drained
wounds male patients (30,0%) had a significantly higher infec-
tion rate than female patients (I9.7%) (x2= I18.I, I D.F.,

P < 0.005). In undrained wounds also the male infection
rate (I0.2%) was higher than the female infection rate (8.9%)
but the difference was not statistically significant (x2= I3
T DF.y B> O.B). This may imply that the male infection
rate is higher only in drained wounds. However, further ana-
lysis showed that over 70 per cent of undrained wounds in

both male and female groups were classified as clean wounds.
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Since, in clean wounds there was no difference in male and
female infection rates, the high proportion of clean wounds
would have introduced a bias into the classification of un-
drained wounds. This was confirmed when undrained contami-
nated and undrained clean-contaminated wounds were analysed
together, where male infection rate (23.9%) was significantly
higher than the female infection rate (I4.8%) (x2 = 6.9,

I D.F., P< 0.0I). The infection rate following different
types of operative wounds and type of drains for male and
female patients, are given in Table I5. The possibility that
the difference in infection rates is a result of the differ-
ences in the type of wound drains was also investigated, and
as shown in Table I6, the male infection rate was signifi-
cantly higher with all types of drains, except in the case of

corrugated drains.

Table I5. Sex of patient, type of wound, drainage

and infection rate.

Type of Wound

Clean Contaminated -Clean-contaminated Total
ND D ND D ND D
Male 4.7 18.6 40.0 53.8 19.2 28.4 I8.1
(701} ~ (23%) (65) ({130) ~(219) (292) (I64T)
Female 7.2 I3.4 21,7 39.2 121 201 I2.7
(852) (329) (69) (I02) (I74) (1I84) (I7I3)

ND - Not drained. D- drained
Number of patients given in brackets.

5.3.3. Sex of Patient and Infection Rate Following Common
Operations.

It was often said that the higher male infection rate
is due to the more complex surgery male patients undergo

(41, 45). 1In order to remove any such bias in the analysis,
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infection rates in operations common to both male and female
patients were analysed together. These operations were:
Gastrectomy, Cholycystectomy, Appendicectomy, Pyloraplasty,
Thoracotomy, Lobectomy, Cystotomy, Colectomy, Colestomy,
Caecostomy, Hernia inguinal, Hernia repair, Varicose veins,
Ligature veins, Laparotomy, Vagotomy and Nephrectomy.

About one-third of all the operations in the survey fell into
this common operation category, and the corresponding male
infection rate (2I.3%) was significantly higher than the
female infection rate (I5.9%) (X2 =" 4,72, I'D.P,., P < .0.05):
This observation confirmed that the significantly higher male_
infection rate is probably independent of any bias arising

from the differences in types of operations.

Table I6. Sex of patient, type of drain and infection rate.

Redivac Corrugated Large Wick Small More than
tube tube one drain

Male 23.2 36.4 3I.4 44,4 25,0 57.1
(220) (I29) (169). (9) (72) (35)

Female 12.3 25.0 I10.0 Ié.?

395 23.5
(277)  (9%) (I04) * (I0) (83 (34)

Number of patients given in brackets
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CHAPTER 6.

SIGNIFICANCE OF PATIENT PARAMETERS ON NASAL CARRIAGE

6.I Introduction

In Chapter 4 and 5, patient and operative parameters
related to post-operative wound infection were examined.
Staphylococcal cross-infection however, is largely dependent
on the level of ward contamination. Nasal carriage of tetra-

cycline-resistant Staph.aureus is a convenient method of

-

measuring cross-infection transmitted on dry vehicles or in
the air of the hospital. A nasal swab can easily be obtained
from all patients, and tetracycline-resistance is a suitable
measure of hospital acquisition except in neonatal wards.
Therefore, the susceptibility to nasal carriage of resistant
Staphylococci can be used as a measure of the risk of cross-
infection. The analysis in 4.3, indicated that old age, male
sex, length of stay in hospital and exposure  to antibiotics to
be associated with a higher incidence of nasal carriage.
These four parameters can be classified as patient parameters
because they are independent of the patients' cliﬁical or
operative conditions.

The significance of sex of patient and chemotherapy is
investigated in this chapter, and the relationships between
age and nasal carriage and length of stay and nasal carriage,

are quantified using curve fitting techniques.

6.2 Age of Patient

The nasal carriage rate of tetracycline-resistant
Staphylococci for different patient age groups are shown in

the last column in Table I7. Since neonates rarely acquire
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multiple-resistant strains, but many acquire strains which
are antibiotic-sensitive or penicillin-resistant only, the
under one year olds are excluded from further analysis.

The majority of over 70 year old patients were long stay
geriatric patients, and since they are not representative of
the normal patients, they too are excluded from further ana-

lysis.

Table I7. Age of patient and nasal carriage rate

Age group Males Females Total
% Number % Number % Number

Under I Yr 3.2 506 b.b 453 3.7 959
I -9 5ol 458 6.8 308 6.1 766
I0-I9 6.6 58 s 2.6 385 4.5 L7
20-29 6.0 365 4.8 975 e d I340
30-39 5o 367 4.3 624 4.6 991
Lo-49 6.4 594 6.1 606 6.2 1200
50-59 10.1 875 9.0 747 9.6 1622
60-69 ) g 1005 9.5 885 10.9 1890
70 & over I7.5 821 I4.2 I410 I5.4 2231
Total 9.3 5323 8.0 6393 8.6 II716

A quadratic of the type YN= A - BX + C¥ was the best
fit for the relationship between nasal carriage rate and age
of patient, where YN is the nasal carriage rate and X the age
of patient. The equation for all the patients is:

IN = 6.718 - o.Ivéx + 0.0038%X2 , SSD = 2.08
which absorbed about 95 per cenf of the variance about the

mean. This curve together with the 95 per cent confidence
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limits are illustrated in Fig 6. The minimum carriage rate
is at 23.5 years.

6.2.1 Age, Sex and Nasal Carriage

Examination of Table I7 shows that the quadratic rela-
tionship between nasal carriage and age of patient was quite
independent of any bias arising from the sex distribution
of the patient population under study. A similar age and
nasal carriage function was observed in both the male and
female patient groups (Fig.7). Quadratic equations were the
best fit in both instances. For male patients the equation is:

YN = 7.I7 - 0.I64X + 0.0037X%, SSD = 4.06
with 90 per cent of the wvariance about the mean absorbed and
a minimum carriage rate at 22 years. For female patients the
equation is: YN = 6.49 - 0.I8X+ 0.0037X% , SSD = 2.08
with 94 per cent of the variance about the mean absorbed and a
minimum carriage rate at 24 years.

6.2.2 Age of Patient and Nasal Carriage for Operated and
Non-operated Groups

It was reported in 4.3 that operated patients expe-
rienced a significantly higher nasal carriage rate than non-
operated patients. The distribution of operated and non-
operated patients in different age groups could have influenced
the observed relationship between age and nasal carriage.
However, further analysis (Table I8) confirmed this was not
so. The quadratic nature of the relationship was clearly
evident in both the operated and non-operated patient groups

(Fig.8). For operated patients the equation is:

YN = 5.7 - 0.I84X + 0.0045X% , SSD = 3.59
and for non-operated patients
YN = 9.49 - 0.286X + 0.0048X2, SSD = 7.I4
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Table I8. Age, operation and nasal carriage rate.

Age group Operated Non-operated
% Number %% Number
2y 4.9 224 9.2 347
10-I9 3.3 302 5.3 HI5
20-29 5.4 L27 5.0 913
30-39 4.3 394 k.9 597
Lo-4g 5.6 549 6.8 651
50=59 9.2 665 9.8 957
60-69 .o 2.6 730 9.8 1160

6.3 Chemotherapy

Patients receiving one or more antibiotics (or other
chemotherapeutic agents) at the time of the survey, were
included in the antibiotic group, and the nasal carriage
rate of these patients (II.6%) was significantly higher than
that of the patients who did not receive any antibiotics
(7.5%)(x2 = 48.7, I D.F., P<0.005). Since antibiotics are
in the majority administered to operated patients, the higher
carriage rate may be a reflection of the lower resistance of
these patients. Therefore, it was necessary to investigate
the relationship between carriage rate and chemotherapy for
operated patients and non-operated patients considered sepa-
rately. In the operated group, patients receiving antibiotics
had a significantly higher carriage rate than those who did
not receive antibiotics (%2 = II.9, I D.F., P < 0.005).

In the non-operated group also, patients receiving antibiotics
had a significantly higher carriage rate (x2 = 35.2, I D.F.,

P < 0.005). These observations are summarised in Table I9.
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Table I9. Chemotherapy, operation and nasal carriage rate.

Antibiotics No antibiotics
Operated o II.6 (I45I) 8.3 (2708)
Non-operated S TI.7 AT0ZT) 7.2 (5886)
Total os 11.6 (3122) 7.5 (8594)

No. of patients in brackets

Before making any conclusions on the significance of
chemotherapy on nasal carriage, the distribution of male and
female patients in the antibiotic and no-antibiotic groups
must first be considered (since male patients have higher
carriage rates). When this analysis was carried out the anti-
biotic group had a significantly higher carriage rate in the
male patient group as well as in the female patient group.
Further, when these groups were broken down to operated and
non-operated groups, the significance of the higher carriage
rate in the antibiotic group was visible in all except the
female operated group. Even in this group, the carriage rate
of the patients receiving antibiotics was about 2 per cent
higher. These observations are summarised in Table 20 and
the details of the significance tests shown in Table 2I.

About 27 per cent of the patients in the survey were
treated with antibiotics. Ampicillin and tetracycline were
the most commonly used antibiotics, which together accounted
for more than half the total antibiotics being administered.
The effect of the administration of individual chemothera-
peutic agents is shown in Table 22. The statistical signifi-
cance of each agent was tested against the no-antibiotic

group for differences in carriage rate. A significantly
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higher carriage rate is shown for patients treated with
tetracycline, ampicillin and nitrofurantoin. Patients treat-
ed with benzyl penicillin or an oral penicillin showed a
lower carriage rate than in the untreated group, but this

was not significant. Other antibiotics such as fusidic acid
or cephalosporins were not included, as their use was too

infrequent.

Table 20. Chemotherapy, sex, operation and nasal

carriage rate.

Antibiotic No Antibiotic
% No % No
Male Operated I3.4 764 8.9 1202
Non-operated I2.4 856 3 2501
Total I2.8 1620 7.8 3703
Female Operated 9.6 687 7.8 1506
Non-operated I10.9 8I5 2k 3385
Total 10.3 I502 V355, L4891

Table 2I. Significance of chemotherapy.

Test group xz,I D.F Status
(Antibiotic Vs.

No antibiotic)
Male operated I 9.5 Significant (P< 0,005)
Male Non-operated .. 2T2 Significant (P< 0.005)
Female Operated = I.8 Not Significant (P>0.1I)
Female Non-operated 3.3 Significant (P< 0.005)
All Male o 337 Significant (P< 0.005)

All Female = I4.0 Significant (P< 0.005)
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Table 22. Nasal carriage in relation to type of

antibiotic.

Antibiotic No. in Carriage %2 Significance

group rate(%) T DR
None 8594 7.5
Streptomycin 267 Q.4 131 NS (P >0.5)
Erythromycin 43 11.6 I.02 NS (P >0.5)
Nitrofurantoin T 22.9 43,2 Sig(P <0.005)
Sulphonamide I26 1I1.9 B2 NS (P >0.1I)
Cloxacillin 281 I10.0 2.6 ) NS (P >0.75)
Penicillin 463 6.3 I.0I NS (P >0.5)
Ampicillin 1058 1004 10.7 Sig(P <0.005)
Tetracycline 634 I4.8 42.3 Sig(P <0.005)
Neomycin 57 7.0I 0.001 NS (P >0.975)
Topical applica-
tions other than
neomycin i 221 8.1 0.07 NS (P >0.9).

6.4 Length of Stay in Hospital

The length of stay in hospital of the patient was
considered for this analysis to be the number of days spent
in hospital upto the day the nose swab was taken. The length
of stay was divided into I2 groups varying in size from I - 2
days to over 80 days. An interval of 2 days was taken for
the first I0 days and then varying time intervals were taken
to give reasonable group sizes for analysis. Table 23 gives
the classification of nasal carriage rates of patients in the
survey into categories depending on their length of stay in
hospital.

From Table 23 it is evident that when all the patients

are considered, the maximum rate of carriage was reached
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by 3I - 40 days. The carriage rate, after a linear increase
upto the 40 days in hospital, reached a plateau. Over the
first 40 days a linear relation between carriage rate and
length of stay fits the data very closely, with a correlation
coefficient as high as 0.998. The best fit is given by the
equation:

YN = 2.52 + 0.507T
where YN is the nasal carriage rate and T the length of stay.
This relationship is shown graphically in Fig 9 where the
linear regression is used upto the 40 day period and beyond
the 40 day period, an emperical curve fitted to represent the

observations.

Table 23. Nasal carriage rate and length of stay

in hospital

Egggiigl A%l patieggs % Mzale s ;emale -
i = Z 3B 2362 4.0 1080 3.3 1282
3 - 4 k.o 1517 2.8 677 5.0 840
5 oo Wi L.7 1206 5.7 543 3.9 663
7 -8 ST I042 7.8 472 Sl 570
9 - 10 6.5 758 9.1 328 4.4 430
IT - I5 8.9 1388 10.1 655 7.9 733
I6 - 20 i2ed 792 12,7 LoI 113 391
2I - 30 I5.0 9I6 16.6 458  I3.3 458
31 - 40 20.4 LLé 211 218 I19.3 228
LT - 50 18.5 275 24.8 133 12.7 142
5I - 80 18.4 396 15.5 I74 20.7 222
Over 80 I19.4 618 20.6 84 18.9 L34

Total 8.6 II716 9.3 5323 8.0 6393
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6.4.1 Sex of Patient, Length of Stay and Nasal Carriage

Table 23 also shows the relationship between nasal
carriage and length of stay for male and female patients. The
male patients reached a maximum carriage rate at 4I - 50 days
and the female group at 3I - 40 days. Like in the case for
all patients, both the male and female carriage rates arrived
at a plateau after a rapid linear increase. The carriage
rate for both groups can again be represented by a linear
function followed by an emperical curve. The regression
equation for male patients upto the 4I - 50 day group was;

N = 3.235 % 0.5237,
with a correlation coefficient of 0.988.

The regression equation for female patients upto the

3I - 40 day group was:
YN = 2.II + 0.467T,
with a correlation coefficient of 0.982.

The male and female carriage rates are represented
graphically in Fig. I0. This shows that the carriage rate
for males was higher than that for females for all lengths of
stay and that the male carriage rate reached a higher level,
associated with the maximum carriage rate being attained some-
what later. The‘apparent fall in carriage rate after reaching
a maximum is probably due to differences in sample sizes in
the different age groups.

6.4.2 Age, Length of Stay and Nasal Carriage Rate

Since nasal carriage increases with age, the increase
in carriage rate with length of stay might be due to the
presence of a greater proportion of older patients (e.g.

geriatric patients) who are often in hospital for long periods.
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Patients were therefore classified into two major age groups,
0 - 59 years and 60 years and over and were further classi-
fied in terms of the length of stay categories previously
described. The length of stay and carriage rate for these
two age groups are shown in Table 24.

As expected, the patients in the over 60 year group
have a significantly higher carriage rate than the 0 - 59
year old group (x? = 180.0, I D.F., P <0.005):. For patients
staying upto 6 days in hospital, the difference between the
two age groups was not significant (x2 = 2.33, I DB, B0, )
but the difference was significant in patients staying in

hospital over 7 days.

Table 24. Age group, length of stay and nasal carriage

rate.

Houpital he5 BT 0 E e

% No % No
I-2 355 1847 3.9 515
3 -4 3.9 1161 4.5 356
5 -6 4.1 896 6.5 310
7 -8 . 5.9 709 7.2 333
9 -I0 L.o Lo7 IZ.1 261
II-I5 .o 7l 839 11.8 549
I16-20 i 0 1 434 I'7.0 358
2I-30 o I0.4 501 20.5 415
31-40 i 15.9 239 25.6 207
4I-50 34 I13.6 132 23,1 I43
5I-80 . 12.7 173 22.8 223
Over 80 . I6.1 167 20.6 LeT
Total oo 6.1 7595 13.3 L4121
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The relation between nasal carriage and length of stay
for both age groups was similar to that previously described
i.e. reached a stabilised state after a linear increase in
carriage rate upto 30 - 40 days in hospital. This is shown
in Fig. II. Both age groups reached the maximum carriage in
31 - 40 days, but the older patients showed a higher rate of
increase. The linear regression equation for the 0 - 59 year
group is |

YN = 2.44 + 0.3527T,
with a correlation coefficient of 0.974.
For the over 60 year group the regression equation is:
YN = 3.42 + 0.666T,
with a correlation coefficient of 0.99I.

6.4.3 Operation, Length of Stay and Nasal Carriage Rate

In Chapter 4, a higher carriage rate was reported for
operated patients than for non-operated patients. Since opera-
ted patients may stay longer in hospital, the distribution of
operated patients in different length of stay groups may have
influenced the observed relationship. To investigate this
possibility, patients were classified into operated and non-
operated groups and were further classified in terms of the
length of stay categories previously described (Table 25).

Both the operated and non-operated groups reached a
plateau around the 30 - 40 day group, after a linear increase
in carriage rate, which confirms that the observed relation-
ship between nasal carriage and length of stay is free from
any bias arising from the distribution of operated and non-
operated patients in different length of stay groups. The
association between nasal carriage and length of stay for

operated and non-operated groups is represented graphically
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in Fig. I2. The regression equation for the operated patient
group is:
YN = I.29 + 0.575T,
with a correlation coefficient of 0.99
For the non-operated patient group the regression
equation is:
YN = 2.3 + 0.504T,

with a correlation coefficient of 0.98.

Table 25. Operation, Length of stay and nasal carriage rate.

ﬁ?g;iigl %Operatﬁg N%n—oper;ged
IT» 2 .o 3.2 532 5 1830
Gl M L, 2.4 458 4.7 1059
5-6 4.0 k23 5.1 783
7 -8 .= 5.9 LLo 6.6 602
9 -I0 .o 5.9 340 6.9 418
II-I5 . 9.0 577 8.9 811
16-20 oo II.G 328 12.5 Léeu
2I-30 .o 16.3 380 I4.0 536
3I-40 . 21.0 I95 I9.9 251
L1-50 .o I3.0 126 18,1 I49
5I-80 - 22.8 I93 4.3 203
Over 80 . 24 .6 67 - T7.5 L5T
Total i 9.4 L159 8.2 7557

6.4.4 Age, Sex, Operation, Length of Stay and Nasal
Carriage Rate.

Although the association between length of stay and

nasal carriage has been established free from any bias
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arising from age, sex or operation, it is possible that some
interactions between these three factors could introduce some
bias. To exclude this possibility the two major age groups
under 60 and over 60 were classified into operated and non-
operated age groups,and these categories were further classi-
fied into male and female groups. The nasal carriage rates
for each length of stay group in all these categories were
calculated. The relationship between nasal carriage and
length of stay (i.e. reaching a stabilised state after a
linear increase in carriage rate upto 30 - 40 day group) was
strikingly similar in all these categories under study. The
operated and non-operated division in the 0 - 59 age group
is illustrated in Fig. I3, and in the 60 and over group illus-
trated in Fig. I4. The male and female carriage rates in
these categories followed similar relationships. These
observations confirm that the observed relationship between
nasal carriage and length of stay is independent of factors
such as age, sex, and operation or from any interaction of

these factors.

6.5. Sex of Patient

The overall nasal carriage rate for male patients
(9.3%) was significantly higher than the female (8.0%)
carriage rate (x2 = 6.3, ID.F., P< 0.025). As was seen
in Table I7?, the male carriage rate was higher in all age
groups, except in the under I0 year old group. When the age
under 60 and over 60 division was made,the difference between
male and female carriage rates was significant in the over 60
group, but in the 0 - 59 group, although the male carriage

rate was higher, the difference was not statistically signi-

ficant. In both the operated and non-operated divisions
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male patients had a higher carriage rate, but the difference
was statistically significant only in the operated group.

The higher male carriage rate could not have been an effect
of any differences in length of stay, because the mean length
of stay for male patients (I5.5 days) was lower than the mean
length of stay for female patients (I8 days). Further, as
was shown in Table 23, the male carriage rate was higher in
almost all length of stay categories (except in the 3 - 4 day
and 5I - 80 day categories). When the effect of antibiotics
are considered, male patients receiving antibiotics had a
significantly higher carriage rate. In the no-antibiotic group
male patients had a higher carriage rate but the difference
was not significant. The male and female carriage rates for

different patient categories are given in Table 26.

Table 26. Sex of patient and nasal carriage rate.

N

Male Female %
% No % No

All patients 9.3 5323 8.0 « 6393 6.3 Sig(P < 0.025)
Age under 60 6.6 3497 5.6 4098 3.4 NS (P> 0.9)

Significance

Age over 60 4.6 1826 I2.4 2295 4.I Sig(P < 0.05)

Operated I10.6 1966 8.4 2193 6.0 Sig(P < 0.025)

Non-operated 8.6 3357 7.8 4200 I.4 NS (P> 0.75)

Antibiotics I2.8 1620 748 I502 5.0 8ig(P < 0.025)

No antibiotics 7.8 3703 T3 4891 0.7 KNS (P> 0.5)
Sig - Significant NS - Not significant
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CHAPTER 7

DISCUSSION ON THE IMPLICATIONS OF THE SURVEY ANALYSIS
w-_-———————.—_—________'_'—_—_'___"____‘_—-——————___—________
7.1 Primary Analysis

The primary analysis confirmed the significance of
operative parameters such as type of wound (clean Vs. conta-
minated), insertion of a drain, pre-operative length of hospi-
talisation and type of patient as significant determinants of
the incidence of wound infection. Similar observations were
made in the N.R.C. (4I) study. The wound infection rates for
different types of drains reported here further emphasise the
relationship between certain aspects of operative techniques
and wound infection. Out of the 906 wound swabs taken 24 per
cent showed signs of Staphylococcal wound colonisation, and
over half of these staphylococci were resistant to antibiotics
(other than penicillin). The study confirmed that the inci-
dence of staphylococci wound infections was now reduced when
compared with earlier studies (P.H.L.S, 3) and these are
replaced by gram-negative bacilli.

The nasal carriage rate of 8.6 per cent in this study
confirmed the presence of antibiotic resistant strains of

Staph.aureus in hospital environments at the time of the

survey. The higher carriage rate reported in operated patients
may be due to their lowered resistance. The relative nasal
carriage and wound infection rate showed a striking similarity
when the patients were classified into types of patient (Table
5 and 8). In both these tables low nasal carriage and wound
infection rates were observed among obstetrics and high rates
among geriatrics. This similarity adds further confirmation
to the usefulness of using nasal carriage rate as a possible

measure of hospital infection.



- 102 -

7.2 Patient Parameters and Wound Infection

7.2.1 Age and Wound Infection

The significance of patient age on wound infection as
reported by others (4I,45,67,I06) was confirmed in this study.
This study differs greatly from those previous studies in
that attempts were made to quantify the significance of age.
The quadratic curves were very good fits to the observed
results. Using the quadratic equations derived, it is possi-
ble to evaluate the probability of acquiring an infection at
any given age. The constant 'A' in the quadratic equation of
the form Y = A - BX + CX2 can be considered as a measure of
the ward or theatre contamination factor, which is quite inde-
pendent of any age effects. The other constants B and C are
related to the age. If this concept is generally true, then
the constant A would vary to a certain extent from hospital
to hospital, and the constants B and C to a lesser extent
when population characteristics (National, Regional or Racial)
are changed. However, in a given period of time these cons-
tants can be assumed to be constant in a particular hospital.

Confirmation on the concept of quadratic age curves
can be obtained from the N.R.C. (4I) survey, which is one of
the largest control surveys carried out on post-operative
wound infection. When the N.R.C. results were subjected to
similar curve fitting techniques by the author, a quadratic
appeared to be the best fit for the data. The equation was:

Y = 5.I - 0.05% + 0.00I9%2 (SSD = 0.41)

The N.R.C. results and the fitted curve are illustrated

in Fig I5. This confirms the quadratic nature of the age

curve developed here. The constants in the N.R.C. curve are
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lower than the constants in this study, indicating a much
lower overall infection rate for all ages. However, this
could also be due to differences in the definitions of wound
infections.

7.2.2 Sex of Patient

An in-depth investigation on the significance of the
sex of patient on wound infection rate was carried out, main-
ly because this is one of the problems that was not adequately
resolved in the literature survey. Male patients had a signi-
ficantly higher infection rate in contaminated and clean-
contaminated wounds, and although females had a higher infec-
tion rate in clean wounds the difference was not significant.
Similar observations were made by the N.R.C. (4I) study,which
attributed the difference between male and female infection
rates to the greater proportion of contaminated wounds among
males. The significantly higher male infection rate was
independent of the presence of wound drains or type of drain.
As a further criterion, the pre-operative stay in hospital was
compared for the two groups, and the distribution of patients
according to pre-operative stay was similar in both groups,
which' excluded the possibility of a bias arising from differ-
ences in pre-operative stay in hospital. The comparison of
infection rates in operations common to both males and females

also confirmed that males have a higher rate of infection.

7.3 Patient Parameters and Nasal Carriage

The quadratic nature of the relationship between age
and nasal carriage rate was clearly evident, and this curve
was similar to the quadratic relationship between age and
wound infection rate described in Chapter 5. Further, the

point of minimum carriage rate (23.5 years) was similar
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to the point of minimum wound infection rate (26 years),

which reflects the closeness of the two relationships. The
relationship between age and nasal carriage was independent

of the sex of patient, but as was expected, the quadratic
curve for male patients is at a higher level than the female
curve. When the operated and non-operated division was made,
the quadratic nature of the age function was prominent in both
categories, emphasising the unbiased accuracy of the relation-
ship between age and nasal carriage rate. Unlike the wound
infection rate, there was no previous large survey such as

the N.R.C. study to compare the observed relationship between
age and nasal carriage, in order to ascertain further confirm-
ative evidence. However, since it has been demonstrated that
the relationship is independent of sex of patient and operation,
the relationship must represent a real effect. This reflects
the fact that the elderly and the very young are more suscep-
tible to nasal colonisation with antibiotic resistant Staph.
aureus.

A significant increase in nasal carriage rate was ob-
served in the group of patients who received one or more anti-
biotics. This was equally true when the patients receiving
antibiotics were further classified into operated and non-
operated groups, which excludes the possible bias arising from
the fact fhat antibiotics in the majority are administered to
operated patients who are more susceptible. When the patients
were divided into male and female groups, the significantly
higher carriage rate in the antibiotic tréated group still
persisted. Even when interactions between operation and sex
were considered, the é;tibiotic treated groﬁp had a signifi-

cantly higher carriage rate in all groups, except in the
female operated group (here too the antibiotic
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treated group had a carriage rate about 2 per cent higher than
the no-antibiotic group). These observations confirmed that
patients treated with antibiotics have a significantly higher
nasal carriage rate. When antibiotics are used sensitive
strains are often removed and hence, resistant strains are
selected. High carriage rates were observed in ampicillin
and tetracycline treated patients, and these two antibiotics
were the most commonly used. However, the increased carriage
rate in the nitrofurantoin treated group was somewhat unexpec-
ted. This relationship may be due to the fact that the patients
treated with nitrofurantoin and also carrying resistant staphy-
lococci were often elderly patients who had been in hospital
for longer than the average period. They also often had
fractures or bed-sores, and were likely to have a urinary
tract infection caused by ampicillin or sulphonamide-resistant
organisms. The association between antibiotic therapy and
nasal carriage has been demonstrated by many others(8,24,48,55).
The nasal carriage rate increases with length of stay
in hospital linearly upto about the 30 - 40 days in hospital,
and then reaches a stabilised state. This relationship pre-
vailed when the analysis was extended to the following groups:
male or female , age under 60 or over 60 and operated or
non-operated. Each group reflected the significance of its
own parameter (e.g. in the case of age group, under 60 group
showed a lower carriage rate in every length of stay category),
as well as demonstrating the significance of the carriage rate
reaching a stabilised state after a linear increase upto the
30 - 40 days stay in hospital. The possibility that some

interaction between these groups being responsible for the
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observed relationship was excluded after further analysis.
The linear increase in carriage rate with length of stay is
somewnhat easy to explain because the exposure to the micro-
organisms increases with increasing length of stay in hospi-
tal, but the stabilised state after the linear increase is
somewhat puzzling. One explanation is that an exposure of
30 - 40 days is more than sufficient to induce an acquisition
to a possible susceptible patient, which in other words mean
that all the susceptible patients would acquire a strain
within the first 40 days in hospital. Another explanation
is that the true situation is overshadowed by the bias arising
from relatively small sample sizes present in the length of
stay groupsover 40 days. The first explanation is more like-
ly, because although the sample sizes are relatively (related
to sample sizes in the survey) small, they are large enough
compared with the sample sizes in many other studies. A third
possible bias may arise from the very nature of the survey
methodology (i.e. cross-sectional as opposed to continuous).
It is assumed that the cross-sectional survey reflects the
association between nasal carriage and length of stay in a
closed patient environment. Although this assumption can be
true in the early length of stay groups, some inaccuracy may
be built into latter length of stay groups due to the fact
the patients in a group are made up of patients from many
different wards.

In the past, others have reported nasal carriage rates
in different length of stay groups, but most of them were
limited to 5 - 9 weeks stay in hospitals,. probably due to the

problem of securing a large enough sample beyond this period.

The linear increase in carriage rate was clearly evident
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in all of the studies reporting the association between
carriage of resistant strains and length of stay in hospital
(24,28,45,48,55,63,64,99). In the majority of these studies
the maximum carriage rate was observed around the fifth or
sixth week in hospital. Linear regression equations can be
fitted with great accuracy to most of these observed carriage
rates. These reports based on continuous studies confirmed
the observation made from this cross-sectional survey, i.e.

a linear increase in carriage rate upto the 30 - 40 days in
hospital. The concept of reaching a stabilised state after
this period cannot be éonfirmed from other sources, because
the reported carriage rates were often limited to the sixth
week in hospital.However it can be concluded from a continuous
study by LIDWELL et al. (I00, S=4300) extending over I9 weeks
that the carriage rate reaches a plateau after a linear in-
crease upto the 45 days in hospital(as was experienced in this
study), which was followed by a further rise in the rate of
nasal carriage upto as high as 40 per cent when the duration
of stay in hospital exceeded I30 days. But in this study,

a great majority (over 78%) of patients staying over 6 weeks
in hospital were over 60 years old, hence the implication of
the reported further rise in carriage rate after the 85 days
stay may be overshadowed by the age effect.

Male patients demonstrated a higher carriage rate in
all categories under study, although the difference between
the male and female carriage rates were not significant in
the age under 60, non-operated and no-antibiotic groups.

This may infer that the higher male carriage rate becomes more
profound in the presence of other adverse factors such as

age over 60, operation and antibiotic therapy.
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The mean length of stay in hospital for female patients was
about 20 per cent higher than the male mean length of stay.
Due to this excess exposure to the ward environment, female
patients should have reflected a higher nasal carriage rate,
but the opposite was true. These observations may indicate
that, since the observations are free from any bias arising
from combinations of other associated factors, the difference
between male and female carriage rate is a real effect. The
reason for this lower carriage rate in females is uncertain.
Lower carriage rate for female patients has been reported
before (24). Other reports such as men disseminating more
staphylococci than women(III), lower settle plate counts when
a ward was occupied by female patients (25) and new-born males
being more susceptible to staphylococci skin infections (II2),
may offer some explanation. It may also be likely that the
different texture of the skin in males and females has a bear-

ing on the differences in carriage and dispersal.

7.4 Implications

From this analysis, age , sex, length of stay in hospi-
tal and exposure to antibiotics appeared as significant para-
meters related to the risk of nasal colonisation of resisfant
staphylococci. The significance of these four parameters in
this analysis was derived in isolation, without accounting for
the relative significance of each parameter. A multiple
regression analysis would be useful in determining the relative
significance of these parameters. If these parameters could
contribute to a higher multiple correlation coefficient in the
regression analysis, it would be possible to formulate a

regression model based on these four parameters, which
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can be used as a measure of the susceptibility to nasal colo-
nisation of a patient or a patient population. Since nasal
colonisation can be used as a measure of ward cross-infection
and the fact that in Chapter 5, age and sex were associated
with the risk of wound infection, such a model can also be
used as a measure of the risk of wound infection.

Important conclusions can be derived from this analysis
on the effectiveness of cross-sectional surveys as an aid in
epidemiological studies. Although the cross-sectional surveys
are based on random samples, the comparability of the results
in this study with other reports based on continuous studies,
shows the ability of cross-sectional studies to depict
reality. The age and wound infection curve was similar to the
one derived from a continuous study, and the length of stay
curves were similar to curves reported in many continuous
studies. Now, since it has been established that cross-
sectional surveys are éapable of mimicking reality, such sur-
veys should be extensively used in epidemiological studies,
particularly due to the speed at which large samples can be

collected from cross-sectional surveys.
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CHAPTER 8

MULTIPLE REGRESSION ANALYSIS

Bk Introduction

The analysis carried out in Part I,established the
significance of certain patient-parameters on wound infection
and nasal carriage. This analysis however, does not give an
indication of the relative significance of individual para-
meters on infection and carriage. Further, the results may
be biased if there are correlations between certain parameters.
For example, if the majority of male patients have undergone
contaminated operations, since wound contamination is a signi-
ficant parameter associated with wound infection, male sex
would also result as a significant parameter. These short-
comings in the analysis carried out in Part I can be rectified
with the aid of statistical techniques.

Multiple regression analysis is the most commonly used
technique in determining the relative significance of a num-
ber of independent variables. A correlation matrix can be
used to examine the possibility of high correlations between
variables which may introduce a bias into the analysis. In
the data the infection and carriage rates are defined as cate-
gorical (non-metric) variables, having one of two values,
infected (carrier) or not infected (non-carrier), corres-
ponding to the value of I or 0. Multiple regression is not
ideally suited for this kind of data, because at beét the
multiple regression coefficient would be 0.5. However, this
categorical dependent variable can be transformed into a

canonical (metric) variable by grouping the data, which would
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then be suitable for multiple regression analysis. To per-
form this transformation, patients were categorised into
groups containing combinations of patient parameters, and
infection and carriage rates were calculated for individual
groups. These transformed data were then used in the

regression.

8.2 Multiple Regression Applied to Wound Infection

To carry out the regression,four independent parameters
were chosen. These are patient's age, sex, wound drainage
and type of wound (classified as clean, contaminated or clean-
contaminated). Age was classified into 7 groups varying from
I - 70 years with a class interval of I0 years and the mid-
points of the class taken as the age. 96 groups were formed
from the I2 combinations of the variables sex, wound drainage
and three wound classifications; znd the classification of
these groups into age combinations. Infection rate for each
group was calculated. The number of patients in each group
was used as a weighting factor in the regression analysis,
which would counteract any bias arising from unrepresentative
infection rates derived from small sample sizes.

Y =a+ bjX3 + Dbz X + Db3X3 + byXy + bz Xg

Before carrying out the regression, a mutually exclusive
set of variables must be established to represent the patient
parameters. Since age is a canonical variable it can be

represented as the linear variable X.,but the categorical

l’
variables sex, wound drain and wound classification cannot be
represented in a similar manner. In representing these para-
meters, a variable can be given the value < I when the varia-

ble is in one state, and the value 0 when the variable is
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in the other state. For male sex the variable X2 can be
given the value I, and for female sex the value 0. Similarly,
the variable X3 can be assigned the value I for drained wounds
and the value 0 for undrained wounds. Since the wounds are
classified as clean or contaminated or clean-contaminated, at
least two variable are needed to represent these three types
of wound descriptions. The variable X)j can be assigned the
value I for contaminated wounds and the value 0 for any other
state, and the variable Xz the value I for clean-contaminated
wounds and the value 0 for any other state. Then, where Xy

and X5 both take the value 0, it would represent a clean wound.

Table 27. Correlation Matrix - Wound Infection
Age Sex(M) Drains Contam Clean- Clean

Contam

Age I.0 -0.05 0.1I9 -0.06 -0.04 -0.0I
Sex (M) -0.05 1I.0 -0.05 -0.03 0.2%7 -0.I3
Drains 019 -0,05 - 1.0 0.18 0.05 =0.30
Contam. 0.06 -0.03 0.I8 1.0 -0.I8 -0.46
Clean-Contam.-0.04 0.27 0.05 -0.I8 I.0 -0.66
Clean -0.0I -0.I3 =0.30 -0.45 -0.66 10

Infection 0.17 0.20 0.53 0.63 0.21 -0.63

rate

The correlation matrix in Table 27 shows that there
is not a high correlation between the variables age, sex
wound drainage and wound description. This observation con-
firms that the significant parameters on wound infection iso-
lated ;n the analysis in Part I, is free from any bias arising
from interactions (correlations) between the_variables. Since,
there are no high correlations between the variables, the re-

sults of the regression analysis would not have any inbuilt bias.
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Table 28. Multiple Regression Analysis on Wound Infection I

Variable Regression t Part
Name Coefficient Statistic Correlation
Age 0.079 3.5 0.34
Sex(M) 3.302 2.0 D.2T
Drains II.529 6.4 0.56
Contam. 27.707 9.89 .72
Clean-contam. 10.193 4,63 0.44

Multiple correlation = 0.923.

Model:

Y = 0.079 x Age + 3.302 x Sex + I1I.529 x Drains +
27.707 x Contam + I0.I93 x Clean-contam.

The result of the regression analysis using the varia-
bles age, sex, wound drainage and wound description, is
shown in Table 28. The 't' statistic is the ratio between
the regression coefficient and its standard error, and this
can be used to test the regression. A variable with a 't*
statistic greater than I.96 is statistically accepted to be
significant. When this criterion is applied, all the variables
in the regression are significant. Further, the multiple
correlation of 0.923 in the regression is extremely high,
which further confirms that these four variables largely
determine the risk 6f post-operative wound infection.

The analysis in Table 28 however, does not include a
separate coefficient for clean wounds. The regression coeffi-
cient for clean wounds is included as a function of the coeffi-
cients for age and sex. A separate regression coefficient can
be attributed to the variable clean wounds by introducing a

constant to the regression equation. When the variables
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Xy and Xg are both zero (i.e. clean wounds), the constant in
the regression equation would represent the regression coeffi-
cient for clean wounds. Table 29 shows the result of the
regression analysis when the constant is used. Although

this modification has improved the multiple correlation slight-
ly (from 0.923 to 0.924), the regression coefficients for the
constant, age and sex are not significant now, since the 't'

statistics for these variables are less than I.96.

Table 29. Multiple Regression Analysis on Wound Infection 2.

Variable Regression t Partial
Name Coefficient Statistic Correlation
Constant 2.749 1.2% 0.1I3

Age 0.043 1.22 0.I3

Sex 2.499 I.42 0.I5

Drains II.275 6.25 0.55
Contam. 27.428 9.79 72
Clean-contam. 9.824 L, Ly 0.42

Multiple correlation = 0.924

Model:

Y = 2.749 + 0.043 x Age + 2.499 x Sex + II.275 x Drains +
27.428 x Contam. + 9.824 x Clean-contam.

These regression models can be used to determine the
probability of acquiring an infection in hospital. When the
parameter values are fed into the model, it calculates the
probability of acquiring an infection. The model is also
a measure of the relative significance of individual patient
parameters. The most significant parameter is wound contami-

nation, followed by drainage and clean-contamination.
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The significance of age even at 70 years is much less than the
significance of these parameters, and for certain age groups

the effect can even be smaller than the effect of male sex.

8.3 Multiple Regression Applied to Nasal Carriage

The initial analysis indicated that age, sex, length
~of stay in hospital and exposure to antibiotics, are associa-

ted with the nasal carriage of Staph.aureus. These four para-

meters are now used in the multiple regression analysis.
Since age and length of stay are linear variables, age was
classified into 8 groups and each of these groups was classi-
fied into I2 length of stay groups, making a total of 96
groups. These groups were further classified into sex and
antibiotic groups, making a final total of 384 groups for
analysis. Carriage rates in each group were calculated and
the number of patients in each group was used as a weighting
factor in the regression analysis, to counteract any bias
arising from unrepresentative data generated from small group
sample sizes.
Y = b3X1 + DXz + b3X3 + byXy

In performing the analysis the variables X3 and X2
were assigned to age and length of stay. X3 was assigned the
value I for male sex and 0 for female sex; and the variable
Xy assigned the value I for patients treated with antibio-
tics and the value 0 for other patients. The correlation
matrix is shown in Table 30. None of the correlation coeffi-
cients between the four patient parameters is large enough to
introduce any bias into the relationship between the

carriage rates and the parameters.
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Table 30. Correlation Matrix - Nasal Carriage.

Age Days Sex Antibiotics
Age 1.0 0.26 -0.0I 0.04
Days 0.26 I.0 -0.05 -0.03
Sex -0.0I -0.05 1,0 0.00
Antibiotic 0.04 -0.03 0.00 I.0
Carriage rate 0.42 0.56 gLt 0. I6

Table 3I. Multiple Regression Analysis on Nasal Carriage-T

Variable Regression t Partial
Name Coefficient Statistic Correlation
Age 0.087 9.06 0.42

Days 0.I87 12.22 0.53

Sex I1.816 2.88 0.I5
Antibiotics 2.826 L,oI 0.20

Multiple correlation = 0.852
Model:
YN = 0.087 x Age + 0.I87 x Days + I.8I6 x Sex +

2.826 x Antibiotics.

The result of the multiple regression analysis is
shown in Table 31I. All the regression coefficients are sta-
tistically significant as the 't' statistics are considerably
greater than I.96 and the multiple correlation of 0.852 is
high, which confirms the goodness of the fit. From the
regression model it is evident that exposure to antibiotics
and male sex contribute more to the risk of nasal carriage
than age and length of stay in hospital. But for age over

30 years and length of stay over I5 days, the contribution
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of exposure to antibiotics and male sex towards the risk of
becoming a nasal carrier becomes less important when compared

with age and length of stay.

Table 32. Multiple Regression Analysis on Nasal Carriage -2

Variable Regression t Partial
Name Coefficient Statistic Correlation
Age 0.022 0.75 0.04
Age? 0.0009 2.33 0.1I2
Days 0.I87 I2.26 0.53
Sex 2.295 3.48 0.I8
Antibiotics 3:177 L.43 0.22

Multiple correlation = 0.854

Model:

YN = 0.022 x Age + 0.0009 x Age® + 0.I87 x Days +
2.295 x Sex + 3.I77 % Antibiotics.

The regression model developed in Table 3I only consi-
ders age as a linear variable. The analysis in Part I indica-
ted that the age curves are quadratic, which implies that an
age term as well as an age-square term jointly determines
the observed relationship. Hence an age-square term was intro-
duced to the regression model, and the resulting regression is
shown in Table 32. The addition of the age-square term
slightly increased the multiple correlation from 0.852 to
0.854. All the regression coefficients except the coefficient
for age, are statistically significant.

The two regression models so far discussed were deli-
Berately forced through the origin in order to determine the

significance of the major parameters. This is somewhat
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artificial because both the models intersect the carriage rate
axis at the origin. It is more likely that the intersect is
at a constant distance away from the origin. The constant

may also account for the significance of other parameters on
nasal carriage quite unrelated to the patient parameters.
Therefore, a constant tefﬁ was introduced to the regression

as shown in Table 33. The addition of the constant again
slightly increased the multiple correlation. The regression
coefficients for the constant, age and age-square is non -
significant. The introduction of the constant term has also
made the age coefficient negative. When the constant, age and
age-square terms are taken together, they represent a quadra-
tic function, quite similar to the quadratic age curves expe-
rienced in Chapter 6. Therefore, although the coefficients of
these three parameters are not significant when taken separate-
ly, they represent the quadratic curve when taken together,
and hence, the coefficients may well be significant when con-

sidered as a joint single function.

Table 33. Multiple Regression Analysis on Nasal Carriage =3

Variable Regression , Partial
Name Coefficient Statistic Correlation
Constant 0.642 0.5I 0.03
Age -0.00I5 0.03 -0.00
Age Square 0.00II I.93 0.I0
Days 0.I85 I11.87 0.52
Sex v ly Self 0.I7
Antibiotics 3.127 B, 3200 8 0.22

Multiple correlation = 0.855

Model: YN %0.642 - 0.00I5 x Age + 0.00II x Age? + 0.I85 x
Days + 2.2I7 x Sex + 3.I27 x Antibiotics.



- I20 -

8.4 Graphical Representation of the Regression Model

The regression model derived from Table 33 can be
represented graphically in a three dimensional axis system.The
axis are the age,length of stay and the carriage rate (Fig.I6).
A three dimensional surface can be generated from the age and
length of stay components of the regression on nasal carriage
rate. On the age plane a quadratic curve represents the age
effect, and on the length of stay plane a linear function
represents the length of stay effect. The intercept of this
surface on the carriage rate axis represents the constant in
the regression. This surface is based on the assumption that
the other two categorical variables, sex and antibiotics,
have taken the value 0. The graphical model can now be modi-
fied to account for the other states of the variables, sex
and antibiotics. When these parameters are present, the sur-
face would be shifted upwards, which in effect increases the
value of the constant by the coefficient of the variable.
Therefore, for the four combinations of sex and antibiotics
(male antibiotic, male no-antibiotic, female antibiotic and
female no-antibiotic), four surfaces similar in nature but
shifted by a constant from each other, would result. This is

shown in Fig. I6A.

8.5 Application of the Regression Model

A major objective of this study was to determine
methods of correcting results of experimental studies carried
out on ward and theatre parameters, for any bias arising from
differences in the distribution of patient parameters. The
major patient parameters related to nasal carriage and wound

infection were described in Part I, and these parameters have
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been incorporated into regression models in this chapter.
These models can now be used to correct any experimental
result for bias arising from patient parameters. For example,
if a study was carried out to determine the significance of
ward parameters on nasal carriage, by comparing carriage rates
in two wards with differences in ward practices, the model
must first be used to determine the expected carriage rates
in the two wards derived purely from patient parameters. The
expected carriage rate is calculated by summing up the probab-
ilities of nasal carriage for individual patients derived from
the model using each patients characteristics such as age,
sex, length of stay and antibiotic therapy and then dividing
this total probability by the number of patients. The ob-
served and expected (based on the regression model) carriage
rates in the two wards can now be used to determine statis-
tically, whether the ward parameters are significant or not.
Information regarding ward facilities, structures and
practices were collected when the survey was carried out.
Infection rates and carriage rates for individual wards were
calculated based on the patients in each ward. Further,
patients in different wards, but exposed to similar ward para-
meters (e.g. similar distance between beds, similar ward
floors, etc) were grouped together and infection and carriage
rates for these warh parameters were calculated. Although
there were many differences in infection and carriage rates
among different ward parameters, any straightforward conclu-
sions derived from these figures would be invalid for the
following -two reasons. Firstly, the patient parameters

within these groups may be different and if not corrected,
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would result in biased conclusions on the significance of
certain ward parameters. So, for obvious reasons, the infec-
tion and carriage rates must first be corrected for differences
in patient parameters. The second reason is derived from an
inherent weakness in cross-sectional surveys in determining
the significance of the many ward parameters (assimilated
from a large number of wards with diverse ward parameters).
For example, the analysis may show that clean kitchens are
associated with lower carriage rates, but it is possible that
the majority of patients who were classed as being in wards
with clean kitchens were also in cubicled wards. If cubi-
calisation is associated with low carriage rates, clean kit-
chens would also result as being associated with low carriage
rates.

The first difficulty, the significance of patient para-
meters can be overcome using the regression models and calcu-
lating the expected carriage rates. However, the second
difficulty cannot be overcome easily. The only possible solu-
tion is to carry out a correlation analysis between all the
ward parameters in the study. The correlation analysis will
indicate the similar ward parameters associated with a given
group of patients. Then the corrected carriage rates (using
the regression) can be interpreted emperically bearing in mind
the correlations that exist between ward parameters. Such
an analysis, although not very accurate, would indicate the
significance of ward parameters. However, due to time cons-
traints this further analysis could not be included in this
study, and this approach is mentioned in the suggestions for

further work in Chapter I3,
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CHAPTER 9

PRELIMINARY MODELLING APPROACH

9.1 Introduction

The patient parameters described in Part I indicated
the significance of individual parameters on wound infection
and nasal carriage. The information obtained from this pri-
mary analysis was subjected to a series of multiple regression
analyses in Chapter 8. The resulting multiple regression
equations were useful in indicating the relative significance
of the patient parameters on wound infection and nasal carriage.
Multiple regression is mainly a means of fitting curves through
a series of observed relationships, allowing relative weighting
factors to be given to each individual variable in the regres-
sion. Such analyses, however do not give any explanation of
the underlying reasons for the observed relationships, i.e.
the increase or decrease in carriage and infection rates in
the presence of certain patient related parameters.

Parameters such as sex, chemotherapy, wound drainage
and type of wound can only be one of two states corresponding
to zero or unity. These parameters can be defined as step
functions which would introduce a step wise increase in infec-
tion or nasal carriage rate in the presence of one or more of
these parameters. The graphical representation of this con-
cept was discussed in the regressioﬁ models in Chapter 8.
The reason for the increase in infection or carriage rate in
the presence of these factors is somewhat self-explanatory.
The presence of drains, wounds described as contaminated or
clean-contaminated are all indications of different surgical

procedures, which would for obvious reasons increase the
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probability of infection. Antibiotics induce a step wise
increase in nasal carriage rate for reasons described in pre-
vious chapters. What is unknown is the reason for the step
wise increase in infection and carriage rate among male
patients. This may be a result of a genetic difference bet-
ween the sexes. Once the step wise functions are dealt with,
we are left with two continuous functions, age and length of
stay in hospital. The remainder of this chapter is devoted
to devising graphical and mathematical concepts which could
explain the quadratic nature of the age curves and the curvi-

linear nature of the length of stay curves.

9.2 Age of Patient

The relationship between age and wound infection rate
may be overshadowed by many other parameters such as, type of
operation and type of wound. However, the relationship bet-
ween age and nasal carriage rate is unlikely to be complicated
by other such parameters. Therefore, ignoring the effect of
sex and antibiotics, it is fair to assume that the relation-
ship between age and nasal carriage is the product of the
relationship between age and susceptibility of the total patient
population. Further, the susceptibility of the total patient
population can be assumed to be the product of two age rela-
ted factors. These are (a) the increase in the proportion of
patients with acquired resistance to infections (due to pre-
vious exposure to the micro-organisms), with advancing age
and (b) the deterioration of existing resistance mechanisms

due to ageing in the total patient population.
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It is likely that the majority of patients would have
been exposed to most of the micro-organisms within the first
few decades of life, and consequently, acquiring resistance
due to the exposure. Hence the proportion of patients who
have acquired resistance would increase with age, and the
rate of change (i.e. slope of the curve) of acquiring resis-
tance in the total population would decrease with advancing
age. On the other hand, the deterioration of existing resis-
tance mechanisms due to ageing is insignificant in the first
few decades of life. But, the rate of change (i.e. slope of
the curve) of deterioration for the total population would
increase from the middle ages and would greatly increase in
the old ages.

These two concepts of acquired resistance and the
deterioration of resistance mechanisms can be incorporated
into a graphical model to explain the observed relationship
between nasal carriage rates and age. First of all it must
be made clear that the relationship between age and nasal
carriage rates derived in Chapter 6 is based on the character-
istics of the total patient population under study. The quadra-
tic curves derived in Chapter 6 do not depict for an individual
patient the probability of becoming a nasal carrier as age
increases from I to 80 years. The curve only predicts the
probability of becoming a carrier for the majority of patients
in an age group. With this concept in mind, the graphical
model can now be developed.

As explained earlier, the rate of acquiring resistance
to infection decreases with age for the total population.

The relationship between the proportion (or percentage) of

patients who have acquired resistance and age can be assumed
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to be an exponential. Since susceptibility (defined as lack
of resistance) is the inverse of acquired resistance, the
susceptibility and age function reduces exponentially. On the
other hand, susceptibility related to ageing (defined as the
deterioration of existing resistance mechanisms) can be
assumed to be exponential. These two curves are shown in
Pig. I7. It must be emphasised again that these curves are
for the total patient population as opposed to referring to
individual patients. The total susceptibility curve can now
be developed by adding the two susceptibility functions.

As can be seen in Fig. I7, the resulting total susceptibility
curve is very similar in nature to the quadratic curve shown
in Chapter 6. So the assumption of two age related suscepti-
bility functions working together in determining the possibi-
1lity of nasal carriage for the total patient population is
probably valid.

Further evidence on the ageing phenomenon can be de-
rived from research on cancer. Certain incidences of cancer
are age specific, where the incidence of cancer increases
progressively with age. COOK et al. (II7) applied the age
specific incidence rates of cancer collected by the Interna-
tional Union against Cancer for many cancer sites in eleven
countries to the following model:

YX = cx4
where YX is the incidence rate at age X and ¢ and q are cons-
tants, which can be transformed to

log (YX) = log.c + g log (X).
The data related to the incidence of cancer is somewhat unre-
liable outside the age group 30 - 80 years, because of the

problem of insufficient sample sizes and the specialist
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nature of cancers involved at the extremes of life. COOK

et al. (II7) using the log equation plotted the data between
the said age group on a double logarithmic scale and as shown
in Fig. I8, the age specific incidence rate in many cancer
sites followed the model.

When the age related nasal carriage rates and wound
infection rates experienced in this study (between the ages
30 - 70) were plotted on double logarithmic scales, both were
straight lines, which confirmed the appropriateness of the
above mathematical model in the area of hospital infection.
The results obtained from the N.R.C. (4I) study were also
plotted on the same scales and this too was a straight line.

These graphs are shown in Fig. I9.

9.3 Length of Stay in Hospital

There has been a number of theoretical models formu-
lated on the epidemiology of many diseases (II8,II9,I20,I21I,
I22,I23,I24). These models are capable of estimating the
expected infection rate with variation in time. The majority
of these models fall into the 'deterministic' model category,
which means that the future state of an epidemic is deter-
mined when the initial set of conditions is established. Since
the association between length of stay in hospital and nasal
carriage rate may behave similar to the epidemiology of dis-
eases which are time dependent, these modelling concepts can
be applied to the epidemiology of staphylococcal nasal
carriage.

The basic deterministic models are based on the

following concept. If an infected individual is introduced

into a patient community of N susceptibles, since each
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patient in the community can be assumed to have a constant
probability of infecting any susceptible member of the commu-
nity, the number of new infections is proportional to the
product of the number of infected cases and the number of sus-
ceptibles. Further, if N is large, the number of new cases
per unit time can be considered to be equal to the expected
proportion. Now if Z is the number of infected persons at
time T and r the rate at which the interaction between one
infective and one susceptible individual leads to the suscep-
tible becoming infected, then the solution of the equation

%% ® 0P AN = B) Shans e AJNE R Gy ) 0
will enable the determination of the number of infections at
each variation in time. This model however, assumes that
every member of the population will become infected (z = N
when t+ « ). But the relationship between nasal carriage

and length of stay in hospital that has been experienced in
this study and previous studies suggests that the maximum
carriage rate of resistant staphylococci rarely exceeds 30

per cent. This indicates that the proportion of patients
susceptible to nasal carriage is about 0.3. The model assumes
the proportion to be I.0 or in other words that every one is
susceptible. This assumption can now be changed to suit the
relationship between nasal carriage and length of stay. If
the proportion of susceptibles are a constant 'c' for a given

population of N individuals, the number of susceptibles will

be Nc. Then equation (I) becomes

ag .
3% = vz (He - ) +sves AR A
dz= rgrT 6% e A R (3)

z(Nc-2)
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multiplying both sides by Nc

Nedz St R s s e S L
z(Nc - z) e A
or dz + dz = NerdT ...... e [
Z (Nc-2) j o 57

solution to this differential equation yields

log 2 - log(Nc=2) = PNCT + K cevvnovsvoss (6)
The constant K will be determined by the initial condition.
As an initial condition we can take I to be the number of
carriers at time T = O.
Substituting this initial condition in (6)

It = JOENC=L) =8 L5 osidvnnass i e (7)

substituting the value for K in (6)

]

log z - log(Nc-2z) rNcT + log I - log(Nc-I)

bR ZNC§2_§ = exp (rNeT)
which reduces to
b e e N s ul8)
(Nc -I)exp(-rNeT)+I
when T » « Z > Nc and when T = 0 z =1

Zz is the number of carriers at time T, which can be trans-

formed into a carriage rate by dividing equation (8) by N and

multiplying by I00. Then Z x I00 will be equal to the nasal
N _

carriage rate YN

X Necl x. J0O
. IN = [(Fe=T) exp (=tNeT) +1J

Fig. 20 shows the relationship between nasal carriage rate
and length of stay derived from the model using a population
of I00 individuals with one carrier at a time T =.0, and
0.25 of the patients being susceptible. Five different
values for the rates of interaction r is considered to show

the significance of this parameter.
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CHAPTER 10

DEVELOPMENT OF A COMPREHENS IVE MATHEMATICAL MODEL
%ﬁ—

I0.T Introduction

The modelling approaches so far considered, the multi-
ple regression and the mathematical model on age and length
of stay, both have certain advantages and disadvantages. The
multiple regression models incorporate all the variables into
the models, but do not have any explanation as to the behaviour
of the model. On the other hand, the mathematical models
developed in Chapter 9 give sufficient theoretical explanation
on the behaviour of the singular variables, age and length of
stay, but these are treated in isolation and cannot be applied
without first establishing a relative comprehensive relation-
ship between these variables. Clearly, the objective of this
study is to postulate a comprehensive model incorporating all
the relevant variables. In this chapter such a model is deve-
loped incorporating the established variables, agé and length
of stay and adding a further variable, the number of patients
in hospital. The significance of this further variable (num-
ber of patients), on infection and nasal carriage rates is

discussed in I0.2.

10,2 Significance of the Distribution of Number of Patients

In previous studies, when nasal carriage rates were
compared between different wards or hospitals, it was always
inherently assumed that the distribution of number of patients
in different age, sex or length of stay groups was similar in
both patient populations under study. The majority of them

making such comparisons were even unaware that they were
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making this assumption, because they disregarded the signifi-
cance of patient parameters. Obviously, if one is comparing
the usefulness of a new aseptic practice by carrying out a
controlled study in two selected wards, the results may be
biased if the distribution of patient parameters is different
in the two wards. Even if the wards were selected carefully
to reflect similar age and length of stay distributions, there
may still be a bias present if the distribution of the inter-
action between these two parameters are different.

The multiple regression model on nasal carriage deve-
loped in 8.3 can be used to overcome this problem. The carriage
rates are corrected for variations in patient parameters or
their interactions. Before the application of the model,
details of patient parameters on every patient must be collect-
ed. This may be easy in comparing patient populations in a few
wards, but if the comparisons are extended to inter-hospital
or international level, many practical difficulties must first
be encountered. For instance, if we are monitoring the
changing nature of staphylococcal nasal carriage in the U.S.A.
and the U.K. using a regression model, information regarding
2ll the individual patient parameters must first be collected.
This problem can be overcome if the distribution of the number
of patients in different age and length of stay groups can be
incorporated to a model as a separate variable. Although the
number of patients in a group was used as a weighting factor
in the regression model, the distribution of number of patients
in different age and length of stay groups cannot be incor-
porated into the regression model as a variable. Because,
in defining infection rate (as the percentage infected in a

group) for the regression analysis. the number of patients
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in a group was assumed constant. In developing a new theo-
retical model, this assumption of the number of patients being
constant can be modified. Even when defining the infection
rate, the assumption of a constant number can be modified.

But first the distribution of the number of patients with
regard to age and length of stay must be established.

T0.2 T Defining the Numbers Distribution Using the Survey

Data

When the number of patients in individual age and
length of stay groups were classified, it was apparent that
the number of patients increased with age and decreased with
length of stay. This general trend was true for almost all
of the age and time groups, and before carrying out the curve
fitting, it was necessary to fit a series of geometric pro-
gressions to the observed data, in order to smooth out the
few observations which were unrepresentative of the general
trend. Table 34 shows the relationship between number of
patients, age and length of stay for the original data and
also for the modified data using the geometric progression.

This modified numbers distribution can now be used to
find the relationship between age and number of patients using
curve fitting techniques. For the age and number distribution
in the length of stay 5 day group, a quadratic of the type

Z

N=1x**+ mx + n fits the data.

The equation is:
N = 0.I84X2 + 5.77X + 460 SSD=324.8
This relationship between the number of patients and age is
represented in Fig. 2I.
The distribution of number of patients and length of

stay in the age 5 group, can be represented by a curve of
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the type N = NoT “where No is the intercept on the N axis
and u a constant.
The equation is:

N = 6776.5 715

R = 0.994
which can be approximated to

N = 6776.5 17/2
The relationship between the number of patients and length

of stay is shown in Fig.22.

Table 34. Number of patients in age and length of stay
groups

Da¥s pgateis 15 25 35 L5 55 65

5 L86 504 726 887 I084 1324 I618
(486) (487) (IOI4) (689) (753) (903) (963)
I5 ez T49 182 223 272 332 L4oé
CEER)Y (21I2) (1I55) (165)  (236) (383) A(#2I)
25 54 66 81 99 120 T47 180
(45) (38) (78) (64) (I02) (I40) (I85)
35 30 37 45 55 67 82 I00
(26) (25) (29) (32) (27) (79) (89)
Lsg 19 23 28 35 42 52 63
(I4) (I4) (I6) (12)  (27) (37> (53)
55 4 I7 2% 26 3T 38 L7
(I2) (II) (I3) (6) (I4) (2I) (42)
65 10 I2 I5 18 22 27 33
(8) (9) (1I0) (5) (9) (I4) (28)

75 10 12 18 22

8 I5 27
(5) (4) (2) (3) (4) (6) (16)

Original data in brackets

Now the relationship between age and numbers in the
length of stay 5 day group and between length of stay and
numbers in the age 5 year group had been established. These
two base curves can be extended to produce the surface equa-
tion for the distribution of numbers. Since age below I year

and length of stay less than one day are not representative
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of the majority of patients, the surface equation should only
be generated for values of X and T greater than or equal to
one. Therefore as shown in Fig. 23, the surface will be

generated from the new axis system N' T' X with the origin at

X*=1I and T =1 . In Fig. 23 the age curve is drawn in the
T = 5 plane and the length of stay curve in the X = 5
plane , the intercept of the age curve in the T = 5 plane

can be taken as a point in a T curveat X =0 and T = 5 ,
and by extrapolation the intersect of the age curve (T = 5) on

the T ' plane for X = I will be:

=
1]

0.I84 + 5.77 + 460

or equally, N

L66

This is a point on the T curve (X = I plane) at T = 5
Therefore the value at T = I or the intersect of the N' T°

plane :

No = Sz - 52I0
5
Using No = 5210 an age curve in the T = 0 plane can be found
parallel to the T = 5 plane curve. The equation of this curve

is also of the type :

1.X° 4+ m.X + No

N

with the coefficients:

0.I84 X° + 5.797 X + 5I43 .

=2
I
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Now an age curve in the N' X , T = I plane and a
length of stay curve in the N' T' , X = I plane have been
established. Both curves originate at the point No in the
N axis where No = 52I0 . The axis system can now be brought
back to the N X T system, and values of X and T would

determine values for N ©based on the equations:

N = No 1?2

and N l.X2 + m.X + No

A surface equation can now be generated using these two
base curves. Since the age curve is the predominant one in
determining the number distribution, the base age curve can be
used to generate length of stay curves for the surface. In other
words the origin for the length of stay curve at different age
groups will be defined by the base age curve. Hence the surface

equation is :

1.%° 4 mX 4+ No

p3/ 2

The origin of the surface is at T =1 and X = I and the
surface equation is only valid for values of X > I and T > I.
The numbers distribution generated from this equation is shown

in Fig. 24 .

10.3 Formulation of the Basic Model

P the probability of becoming a nasal carrier is a

function of age, length of stay and the distribution of number
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of patients (ignoring sex and antibiotic therapy at this stage,
because they are step functions which can be incorporated to
the model at a later stage). The distribution of number of
patients is a function of age and length of stay. This can be
represented mathematically as :

Pa P (X;7,N) S siammiiae e (I)

and N P AR TI 00 LT s frase s (2)
By total differentiation :

AP = 3P AX + FPAT 1 veees
= gT (3)

or equally, dividing through by AN:

4P = JP. AL 4 JP AT sssees (%)
AN S9X AN ST AN

in the limit :
4P 8P, 4% 51 AP 4P o aaadua (5)

dn X daN oT dN

P

10.3.I Relationship Between Number of Carriers and.Total

Number of Patients.

As explained in 9.3 in developing the model for length
of stay and nasal carriage rate, the probability of nasal
carriage depends on the interaction between the number of

carriers and susceptibles. This implies that the number of
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carriers varies as a function of the total number of patients.
This leads to the assumption that the rate of change of number
of carriers with respect to the total numbers present is a
function of the number of carriers. This function can be further

assumed to be the product of a constant 'V' and the number of

carriers 'ni' , which can be written mathematically as:
dni = V.ni e )
dN

Solution to this simple differential equation yields:

Log (ni) = V.N + By e veate Nice)

or ni = BZ‘ eVN e et s (8)
B,
where 32 g

Now the probability of nasal carriage is defined as :

Zaw g Ly o S S el T e (9)
N
Substituting for ni
VN
p = Dp s, BT0Y
N
Therefore .
VN
dP = VNoB2 . i Bz + . (II)
aN NZ
VN
. - Dp ue f (VN - I] e [12)
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From IO and I2

dp = P.JYR - I sewee LT
& - (I3)

Equation I3 can now be substituted into the differential

equation 5 :

P.[VN - II =
N

S8

oP.
X

I0.3.2 Defining a Relationship Between Age and Length of Stay

The differential equation in (I4) can be solved if

dX or dT —can be established. Neither can be found using
dN dN
2

the surface equation N = f(X,T) = 1.X° + m.X + No
pJ/ 2

because no direct relationship between X and T exists.

Therefore in order to differentiate this equation, a relation-

ship between X and T must first be assumed.

A relationship can be established by assuming X and
T are linearly related. As shown in Fig. 25, an axis t can
be drawn at an angle ' @ ' . to the T axis in the X T plane.
If a2 plane is now drawn perpendicular to the 0t axis this
will intersect the numbers surface, and the surface would
represent as a single curve on the plane. Any point on this
curve can be represented by t , and if a relationship between
X and t and, T and t can be found, then t would be a
unique parameter representing the relationship between X and
T in the Ot plane. An infinite number of t axes can be

drawn by varying @ , to cover the whole range of values
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in T and X . Similar relationships between X , T , and
t would hold at any angle © .

The relationships can be established from simple geometry:

=
]

t. Cos © a5 e e (1I5)

P
1

T, DA 8N R e L b e (16)

and Tan @ = X , which will be a constant along t
1
Also,
& = 4t . &
dN dN dat
P X = %.Sin 0
dX = Sin o
dt
hence, Yt & JaEt, SIN 8 L el ek (1I7)
dN N
Similarly,
dT = dt . 4T
dN dN d%
but T = t. Cos ©
dT = Cos @
at
hence, dT = dt . Cos © A . n (I8)
dN N '

Now I7 and I8 can be substituted for dX and dT in I4
aN dN
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P.[VN-I] = JP. [ dt.sin ¢ ] + P. [ dt.Cos 0 ] ..(I9)
N X an or N

But the partial differentials P and gg must also be
oX T

changed to account for the new parameter t

3P = P . 3t
OX 3t oX
but 9t = Cosec ©
%
hence TR R S S S (20)
X ot
and P = 8P . gt
oT dt aT
but 9t = Sec ©
oT
hence BNo. o IND L Ban s S B (21)
oT ot
Substituting for OP and QP from 20 and 2I , in I9
X or
PolVii=¥] o= 2B, [ 4t 3 +  BP. [ @t ] ks st (223
N g% dN ot aN

To find dt the new variable t can be substituted for

=

X and T in the surface equation using I5 and 1I6.




= pEnrd

after substitution :

or

Where;

Hence:

DJ‘Q:
cH=

=

N =

N =

M;=

1, (¢ . 8in® 6) + m. t.Sin 6 + No . {23)
( t. Cos 6 ) 3/2
M. .t%
ot e e a6 B R (24)
3/2
My %
1.8in* @ , M.= m.Sin @ , and My= Cos 3/2 g

2

t3/2.[2M1 +M,] - (3/2) .42/ 2 [Mltz + Myt + NoJ

3
My. t
2 2
C 4Ml.t + 2M,.t - 3M .t° - 3M,.t - 3No ]
oM.t 2
5
an = [ M..t° = My.t - 3No ]
E bl
2My .t 5/2
Taking the inverse to find 4t
anN
at = oM, .t 52
— 3 sesses  (25)
2
[ M.t° - M,.t - 3No ]

This equation can now be substituted in 22 in order to solve

the differential equation .
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I0.4 The Solution of the Differential Equation

Substituting for dt in I9 from 22:
dN

i G2 5/2
p[VN-1] = &p L 2 1 4 gpl.2M3. ¢ ] .(26)
o ot [M, £°-M,5-3No] St [M, £°-M t-3No]
which leads to the 'auxillary equation'
I - L [Mlt‘-Mzt-3No] o g
PLVN-1] [PeNss ]
2
or , fap =fLw-1] . (M, t7-Myt-3No] = 44
A [ 2M5. 52 5
j'dP 1{ V(M, t°-M,t-3N0) - I (M t2M,8-3N0) I 44
2M5. 1:5/2 2. 1

Substituting for N, and simplifying:
V(M t2-M,t-3N0) - (Mt
fdP'if[ 1

5 2
(2M3 7 ) 2t(Mlt

-Myt-3No) 7 44
2 t+No)

+M2

Je [T v (Mt 2t/ 2 3n04™5/2) Mt + M, + 3N0] :dt

ZFi 2F1 2‘['.Fl

ol 2
where Fl = Mlt + mzt + No
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The integration yields:

Log (P) = V_ (ZMltl/z + 2M2t'l/2 + 2Not™ Y2 )
2M
3
-1
i %& C %M Log(Fl) - M, .F, .Tan (F3) ]
2 1 2M
2
2 -1
+ 3No i Log (t°) - M ¥, Tan (F,)
< L =6 o 272 i
1 2No
* gg F, .Tan™ (F5) + M,
where F2 = 2 . e 2M1t + M2

N
(HMlNo—Mz)
and M), is the constant of intergration.

Re-arranging:

Log(P) = V (Mitl/2 +IM

£ 2 s2not™>/2 ) - 1 Log(F),)
M L

2

2
+ Log (t°) + M
3 F_ 4

or,

2
Log(P) + ﬁ Log (F,) - g Log (%:)

=" A0 (Mitl/z + Mzt'l/z + 2Not™ Y2y 4 My,

i/2 /2 =3/2
n 3/l M )\l (Mlt +M2t +2Not )
P.Fl/ e ] / = e W : e_ﬁj
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Re-arranging:

A /2 +M2t‘l/2 +2N0 772 )

il R, t3/2. e MB
3/ 2

M
where W=e ;i

Re-substituting values for F:L

v (M2 +M2t’l/2 +2No t-Y/2 )
2 ‘ﬁg - .

P(Mlt +M,t+No) = W.t3/2. e

2
Re-substituting Ml : M2 , and M3

2

P ( 1.Sin® 0.t + m.Sin 0.t + No)

—*E—g (1.8in2etY 24nsin ot~ 22n0t=>/2)
/2 cos’? o
— w N

Re-substituting values for X and T in the t plane:

a7 5 diy and = X
Cos € Sin ©

2

P (1.X° + m.X + No)

Co: : '(1Sin3/29Kl/2%msin3/29X'1/2+2Nosin3/2gx-3/2)

-
=WT3/2 . €

Cos? 20

oS

which reduces to:

32 v.ran¥ 20, (1.x%% + mx"Y2 4 oNo. X~/ 2 )
P= WT . e

cosd/2 © (1.X% + m.X + No)

W is the constant of integration which can be evaluated

using the boundary conditions.
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105 Graphical Representation of the Model

Before finding out the constant of integration using
the boundary conditions, a value must be assigned to the
constant V which defines the association between the number
of carriers and the total number of patients. If the value of
V is too large the exponential will go out of the range.

For the boundary conditions, nasal carriage rate was consider-
ed to be 25 per cent at age 70 years and length of stay

at 70 days. This figure was chosen because the maximum
carriage rate normally experienced'ié about 25 per cent,

and the maximum is expe