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SUMMARY 

The aim of this study was to examine the relevance of some pate 
ient parameters to nasal carriage and wound infection. This was based on 
cross-sectional surveys made in 38 hospitals between 1967 and 1973, a sm- 
all continuous survey in two hospitals in 1977, and a continuous survey 
in one ward made 10 years previously. An attempt was made to formulate 
a mathematical model measuring the significance of patient parameters on 
the nasal acquisition of multiple-resistant Staph.aureus., A comparison 
of the two types of survey was also made, 

The primary analysis showed that age and sex were related to the 
probability of a wound becoming infected, In addition to age and sex, an- 
tibiotic usage and length of stay in hospital affected the extent of nasal 
colonization with Staph.aureus. Multiple-resistant, penicillin-resistant 
and sensitive strains were considered both separately and together, 

In the primary analysis, the factors affecting the probability 
of wound infection and nasal colonization were similar in both the single- 
ward continuous survey and the cross-sectional surveys. The more recent 
continuous survey showed a reduction in multiple-resistant Staph aureus 
in the patients noses when compared with the previous surveys, but, the 
carriage of penicillin-resistant only strains still increased with length 
of stay. 

The multiple-regression analysis of the single-ward continuous 
survey confirmed that age and length of stay were independent significant 
factors infleuncing the carriage of multiple-resistant Staph.aureus. 
However, sex was not significant and antibiotic usage did not infleunce 
the carriage rate, as in the large cross-sectional survey, The regression 
model developed was based on the assumption that nasal carriage of multiple- 
resistant Staph.aureus is a measure of certain aspects of susceptibility 
to infection. 
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CHAPTER 1 

INTRODUCTION 

Florence Nightingale in 1859 said thet " It may seem a stran- 

ge principle to enunciate as the very first requirement in a hospital, 

that it should do the sick no harm", Her words are still relevant to- 

day in spite of all our improvements in aseptic techniques. Hospitals 

may still be dangerous places, although much less dangerous than in Miss 

Nightingale's day, The present rate of hospital infection is between 

3.5-15.5 per cent of total patients admitted to hospitals (55 , 57), and 

consists mainly of infections of operation wounds, the urinary and the 

respiratory tracts (56 , 58). The predominant organisms responsible for 

these infections are gram-negative bacteria and to a less extent coagilase- 

positive staphylococci (55, 59). 

The natural history of the development of nosocomial infect- 

ions appears to begin with exposure of patients to pathogenic bacteria 

which have contaminated hospital equipment or colonized the skin and 

nasopharynx of hospital personnel (60), Gillespie (3) in 1958 states “ 

Cross infection in a hospital does not differ essentially from the cross- 

infection which goes on all the time in any community such as a household 

ora school, Microbes, both pathogens and non-pathogens, frequently pass 

from person to person. Most of this cross-infection is harmless; harm 

-1-



comes, however, when the balance between the microbes and the hosts is 

upset. In hospitals, the balance is often tilted in favour of the mic- 

robes, and it is easy to see why. Firstly, the resistance of the pat- 

ients to infection may be low, for example very young infants, and old 

people whose tissues are exposed by surgical operations, or whose imm- 

unity is lowered by debility. Next, in hospitals, there may be very nu- 

mbers of pathogenic microbes, produced by patients who themselves are 

suffering from open infections. Moreover, the patients are often close 

together and frequently handled by a common staff, so that the micro- 

organisms can spread easily, Finally, the use of antibiotics has upset 

the balance amongst the microbes themselves, and has favoured the spread 

and multiplication of strains. which have developed resistance to the drugs". 

The developments in surgical techniques have increased the 

length and complexity of many operations, resulting in prolonged anesth= 

esia, extensive tissue damage and more wide spread use of artificial im- 

plants. These have increased the number of susceptible patients and 

moreover, there is an increase in the length of hospitalization of some 

patients, Under ordinary circumstances, patients ‘are exposed to many 

different kinds of microbial agents during their hospitalization, Con-= 

tact spread between a susceptible patient and an infected patient, either 

directly or through on intermediary, is generally thought to be the com= 

monest and most important route of transmission of hospital organisms, 
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Hand transmission by doctors , nurses , and other hospital personnel is 

accepted as the most common form of contact spread , and handwashing is 

stressed as means of preventing this, 

In the last decade , certain organisms have gained prominence 

while others have become less prevalent on a percentage basis. The gram- 

negative , such as klebsiella and pseudomonas were the cause of less than 

4% of septic episodes in wounds in 1960 , but increased to about 10 % 

in 1970 , whereas staphylococci having caused 20 % of all septic epi- 

sodes in 1960 , now cause in the neighbourhood of 10 % (Masen , 63). The 

P.H.L.S. (34) reported that 60 % of all wound infections were due to 

staphylococéal sepsis in 1959, Whereas Ayliffe (61) reported 33% in 

1970, Nevertheless , staphylococcal sepsis is still an important issue 

in wound infection , due mainly to the complexities of treating multiple 

resistant strains. 

Habits of use of antimicrobial agents are important determi- 

nants of the species of organism ultimatély causing infection. The use 

of a given antibiotic in hospitals is frequently followed by the emer- 

gence of resistant organisms. Under the continued selective pressure 

of antimicrobial therapy , resistant organisms have become a frequent 

cause of infections in some hospitals. Discontinuation of the use of 

these broad-spectrum and potent antibiotics has usually resulted in re- 
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version to a less resistant flora. In the presence of antibiotics , three 

main changes occur in the micro-organisms, Firstly , previously sensitive 

strains of staphylococci and many gram-negative bacilli acauire resis- 

tance. Secondly , in organisms such as Pseudomonas aerogenesa and bact- 

eroides , strains naturally resistant to antibiotics are selected, Thir- 

dly , some of the resistant strains appear to show an increase in viru- 

lence (49). . 

To reduce the risk of sepsis a considerable amount of resear= 

ch has been carried out. Most of the research has been directed toward 

reducing the number of micro-organisms in the patient environment. The 

introduction of improved antiseptics , better nursing practice , mecha- 

nical ventilation systems and so forth have reduced the risk of sepsis, 

Williams et. al. (6) in 1959 and Gillespie et. al. (6#) in 1959 were 

able to obtain a reduction in infection by treating carriage sites and 

) 

by reducing environmental contamination, 

At the conclusion of the International Conference on Nosoco= 

mail Infections , Dr. R.B.O. Williams (6}) in 1970 opened his summar- 

izing remarks by stating ; " 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 need- 
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ed, There seem to be two objectives of surveillance : 1. for better 

internal control of hospital activities , and 2. to see where one 

hospital stands in relation to others ". The practical use of sur- 

veillance is used as a means of comparing infection rates among diff- 

erent hospitals. Apart from all these approaches discussed above , 

it is also useful to detect out-breake of infections as soon as poss- 

ible, and as well as treatment , and to find out the changes in the 

area of hospitel infections. 

Patient parameters are also one of the most important fact- 

ors in hospital acquired infection. There are many reports that state 

the significance of patient parameters on nosocomial infection ( 21 , 

29, 25, 33, 24 , 48 ), But often environmental factors have become 

the predominant cause of hospital infection. Bowie et. al. ( 62 ) in 

1964 states that a patient in hospital may acquire infection in three 

ways 

(1) By ingestion of contamination food stuffs giving rise 

to intestinal disturbance, 

(2) By aerial infection in which particles of scurf , fibers 

of clothing and bedding , or other material carry micro-organisms to 

the skin and other sites of entry to the patient's body, 

(3) By direct contact with contaminated hands , tissues , 
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instruments , dressings , or other materials, 

In this study , only environmental factors have been consi- 

dered and patient susceptibility and host defences have been ignored. 

For a study on hospital acquired infection , both patient susceptibi- 

lity and hospital activities should be taken into account. In other 

words , when trying to compare the infection rate in two wards , and 

in determining the significance of environmental factors , the sus- 

ceptibility of the two patient populations under study must be com= 

parable. In the second objective of surveillance ( comparing infec- 

tion rates in different hospitals ) , patient parameters may be bia- 

sed, The lower infection rate in one hospital when compared with an- 

other , may be simply due to differences in patient susceptibility of 

two different populations , or type of surgery ; as well as different 

ward and operating theatre practices or facilities. 

There is no doubt of the significance of the endogenous 

source ( self = infection ) as a route of infection ; but there is 

an argument over the mechanism of exogenous infection ; i.e. wheth- 

er post-operative wound sepsis was due to contamination in the op- 

erating theatre or whether it was acquired in the ward, However , 

the susceptibility index of Goonatilake ( 49 ), would indicate that 

the higher or lower rate of infection is largely due to the patient's 
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own physical or clinical condition. 

In most reports , the patient parameters are assumed to be 

unimportant , but environmental factors are considered to be the pre- 

dominant cause of nosocomial infection. The aim of this study is to 

consider the significance of patient parameters on nasal colonisation 

and wound infection. It is assumed that patient parameters are ind- 

ependent of ward parameters, The study is based on three different 

surveys. A continuous survey carried out between 1968/69 in a sur- 

gical ward ( B4 ), Dudley Road Hospital , Birmingham which included 

about 550 patients ( Ayliffe et. al. 17 ). Another survey was a cro- 

ss sectional survey ( Birmingham Regional Survey ) carried out bet- 

ween 1969-72 in the Birmingham region ( Ayliffe et. al., 14 , 49 ). 

The latter survey covered about 12,000 patients in over 500 wards 

with a multiplicity of ward practices. A further aim of the study, 

is to compare wound infection rates and nasal carriage rates within 

these two surveys , taking into account the significance of patient 

parameters, Also , there is a comparison with another continuous 

survey that was carried out in 1977 ( 69) , in four surgical wards 

in two hospitals , covering about 550 patients, Again , the aim is 

to consider the significance of patient parameters on wound infec- 

tion and nasal carriage in two different decades, However , there 

are some practical difficulties associated with such surveys ; for 
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instance , it takes a long time to collect an adeauate sample for ana- 

lysis , which means there is a bias because of an insufficient number 

of patients in such short period surveys, The significant patient pa- 

rameters such as the patient's susceptibility index , will be derived 

from multiple regression techniques and then , a mathematical model 

will be postulated on theoretical grounds, 
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CHAPTER 2 

LITERATURS SURVEY 

Staphylococcus aureus is one of the most commonly transmitted 

diseases in hospitals and much of the avialeble literature is concerned 

with such infections, This survey will, therefore, be only concerned 

with these micro-organisms. Certain strains of Staph.aureus have a pro- 

pensity for spreading and causing sepsis in a ward and are known as ep- 

idemic strains, These are usually multiple resistant and for no appa- 

rent reasons, tend to appear and disappear, hence making the compari- 

son of nasal carriage and wound infection rates difficult at different 

times, even in continuous surveys, 

This literature survey is divided into six broad areas: i- 

The nasal carriage of staphylococci; ii- Post-operative wound infect- 

ion; iii- Comparison of cross-sectional and continuous surveys; iv- 

Patient parameters related to nasal carriage and wound infection; v- 

Porphylaxis and antibiotic treatment; vi- Application of multiple re- 

gression analysis to factors associated with nasal carriage. 

But only those concerned directly with this current work have 

been included here and other environmental aspects such as the effect 

of ventilation have not been included,



2-1 NASAL CARRIAGE OF STAPHYLOCOCCUS 

The principle site where Staph.aureus can multiply is the skin 

lining the anterior part of the nostrils, Me Farlen ( 1938 ) said " It 

is still widely believed that its dispersal from the nose is mainly ache 

ieved by explusion into the atomsphere in the droplets produced durine 

speaking, coughing and sneezing ", Some people are sometimes found to 

be carriers and sometimes not and it is not known why one person is a 

carrier and another is not, or why one person is sometimes a carrier 

and sometimes is not. 

Nasal carriers of Stavh.aureus have been found nore likely to 

develop post-operative wound sepsis thar none-carriers, and such infection 

will often be by the strain carried in the nose ( Williams et.al., 1959), 

It has also been found that the infection rate in the carrier group was 

almost twice ‘the infection rate in the non-carrier group. The difference 

between the rates is not quite statistically significant at the 5% level 

of significance (5). Also, it has been shown that antibiotic prophylaxis 

after operation was effective in both the carrier and non-carrier groups 

of patients (5), where Ketcham et.al. stated " In the carrier group, the 

patients recieving placebo treatment had an infection rate of 714 % 

which was reduced to 20 % in the antibiotic group. In the non-carrier 

group, staphylococcal wound infection was reduced from 42.9% to 10.7% 

by the use of antibiotics ", 
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Any person touching the skin or clothing of the carrier may 

acquire the organism directly, But the organism may also reach ina- 

minate objects such as the wash basin, scrubbing brush, pillow or be- 

dding and etc. (1). As long as the carrier remains motionless, di- 

ssemination of his staphylococci into the atomsphere is not likely to 

eccur, but any form of activity entailing friction on the skin or ag-= 

itation of the clothing will suffice to cause dissemination ( 2 ). 

Very little is known about the extent to which this occurs, Carri- 

ers vary greatly in the number of organisms they disperse, indeed 

some disperse little more than do non-carriers (1). To reduce the 

number of bacteria in the nose, and dispersal of bacteria in the en- 

vironment, different kinds of antibiotic nasal spray , or ointment, 

have been applied. Gillespie (3) in 1958 found that there was a mar- 

ked reduction of nasal cross-infection on using nasal prophylaxis. 

There are many different strains of Staphylococci, mostly 

they are identified by thétr antibiotic sensitivity pattern and phage 

types. Over the last fifteen years or so, the staphylococci have become 

resistant, hence they are now one of the chief organisms of sepsis. 

Gillespie (3) in 1959 states " The curious thing is that no staphyloco- 

eci have become resistant to penicillin, because of exposure to it. The 

explanation of this apparent paradox is that even before penicillin was 

introduced, about 5% of staphylococci were naturally resistant , beca- 
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use they produced the enzyme penicillinase, which destroys penicillin. 

These strains have multiplied in hospitals, where penicillin is most 

commonly used , and now are about eighty per cent of the staphyloco- 

eci isolated from in-patients and staff ". 

About 20-30% of people outside of hospital carry staphyloco- 

eci in their nose, and in this group most of the strains are fully 

sensitive or just penicillin-resistant. People who have not been in 

hospital environments are found to have the lowest nasal carriage rate. 

Harris ( 4 ) compared the nasal carriage of a group of casualty pat- 

ients and a group of in-patients and found that the great majority of 

strains in the casualty patients were fully sensitive to the antibio- 

tics or resistant to penicillin only, while strains in the in-patient” 

group were multiple resistant. Again , Davidson et.al. ( 9 ) has 

found that the incidence of staphylococcal wound infection among car-.. 

riers was 12.5% and the comparable figure for non-carriers was 7.2%. 

The results suggest a posibility of a relationship between the two 

factors , there being a higher incidence such a relationship, hence 

the considerable interest shown in the detection and treatment of na- 

Sal carriage as a means of reducing staphylococci infection ( 7, 6, 8, 

Hawe and Marston , 1962, Porter, McNeill, Miller, Green, 1963 ). 

A change in antibiotic sensitivity of strains acquired in 
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noses of patients in hospital, has occured in the last fifteen years. 

The persistent trend toward indiscriminate antibiotic " Prophylaxis " 

in patients undergoing on operative procedure has also contributed to 

the development or emergence of a wide variety of resistant strains in 

the hospital environment. Due to the routine use of prophylactic ant- 

ibiotics there was until recently a high incidence of multiple resistant 

staphylococci in hospitals. In many published papers between 1964 and 

1973 , it has been found that the antibiotic resistance of strains of 

Staph.aureus isolated from the noses of patients in hospital and staff, 

that most of the strains were resistant to penicillin and tetracycline 

(lo, 12, 13, 11, 14, 17, Shooter,R.A., 1958 ). Also Lidwell et.al. 

(15 )found in surveys of staphylococci wound infection ( 1966 ), that 

the total carrier rate increased with the duration of stay in hospital, 

and the percentage of patients carrying staphylococci resistant both to 

penicillin and to tetracycline increased at least sevenfold in six wee- 

ks, 

In view of the high rate of adminstration of antibiotics, and 

the often-repeated observation that multiple-resistant staphylococci are 

more rapidly acquired by those who receive antibiotics than by those 

who do not ( 15 ), Edmunds ( 16 ) in 1970 has found that the incidence 

of sensitive strains in patients previously admitted to hospital was 

6.6% , that of penicillin-resistant strains was 8.6 % » that of tet- 
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racycline-resistant strains was 3.4%. Perhaps , it shows that sin- 

ce 1970 , the sensitivity of nasal staphylococci has changed , because 

Williams et.al. (36 ) in their survey between 1961 and 1972 found 

that from 1964 onwards there was a decline in the number of infec- 

ions due to multiple-resistant staphylococci. Little change in the 

frequency of infection due to sensitive strains or strains resist- 

ant only to penicillin was found. In part the decline in multiple- 

resistant strains is attributable to the decrease in the number of 

strains of epidemic type, but there was also a decrease in the pro- 

portion of multiple-resistant strains in all phage groups. No one 

knows why the number of multiple-resistant strains have decreased, 

In a survey done during 1967 - 68 , out of 65 strains , 50 per cent 

were resistant to penicillin , one fifth of the penicillin-resistant 

strains were resistant to methicillin and 11.5 per cent of the stra- 

ins showed resistance to two drugs, Again , the penicillin-resistant 

strains were a high percentage. Recent paper shows reduction in tet- 

racycline-resistant Staph.aureus since 1968 ( 74 ). 

It is important to note at this stage that the term " Nasal 

carriage " has several interpretations. In some studies , it is not 

clear whether nasal carriage refers to the carriage of particular 

antibiotic-resistant strains or to all strains of staphylococci. 
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It is more relevant to define the carriers of multiple or tetracy- 

cline-resistant strains as nasal carriers , because these strains 

are mainly asociated with hospital envirdments, But now the si- 

tuation has changed with the changing nature of staphylococci , 

and nasal carriers will be defined in this work as the carriers 

of any strain of staphylococci, Therefore , in comparing nasal 

carriage rates obtained from different sources , the definition 

of the term nasal carriage should be first established, 

2=2 POST-OPERATIVE WOUND INFECTION AND ASSOCIATION WITH NASAL CARRIAGE 

Many factors are shown to be associated with a risk of 

post-operative wound infection. Most of the wound infections are 

found following dirty operations ( e.g. the lower gastro-intestinal 

tract ). Many workers have shown that the risk of wound infection 

has been affected by the type of operation ( clean - dirty ), length 

of incision , duration of operation , type of drain , wound dressing, 

etc. 

Certain other factors may also be associated with post- 

operative wound infection because , approximately , 7.5 per cent of 

patients contract a post-operative wound infection of varying severi. 

ty (19 ). It seems that the roles of local and systemic host defen- 
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se factors on some patients are such that they may prevent the conta- 

minating bacteria from establishing themselves and producing infect- 

ion in the tissues. The N.R.C. report ( 24 ) states " 28.6% of 

the dirty cases progressed to infection. Thus , in every operat- 

ion wound there exists a complex interplay between the forces of 

bacterial invaders and the host's defenses, As a result of these 

multiple factors a few clean wounds become infected , and some ma- 

ssively contaminated wounds heal primarily'". 

One of the many other factors which influence the incide- 

nee of wound infection is bacterial contamination of the wound. In- 

asmuch as bacterial contamination is a " necessary ", but not the 

only reason for wound infection , its role in the fate of a given 

wound may be obscured by other factors , e.g. when a grossly con- 

taminated: wound heals primarily. But, McNeill et.al. ( 8 ) in 1961 

isolated staphylococti from the skin of the patient in the region 

of the operation field in twelve of some forty-three patients and 

of these, six developed staphylococcal infections of the same phage 

type. They concluded that contamination of the skin of the opera- 

tion field may be an important contributing cause of infection. 

Cohen et. al. ( 21 ) states that when the type of suture material, 

the type of anaesthesia , and the type of skin preparation were 
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studied , no differences related to the occurence of infection were 

detected, These results , it is felt , were not reliable because of 

small numbers and the great variety of regimes employed. 

Douglas ( 22 ) studied the association of the position of 

the operation on the list with the incidence of sepsis in clean ca- 

ses , and found that there was a significant difference between op- 

erations at the begining of the list and at the end 6f the list, 

Also , it was found that patients whose operations were at the beg- 

ining of the list had a lower rate of infection than those on the 

end of the list ( 23, 28 ). This is perhaps , because of gradual 

contamination in the operating theatre with the increase in the 

number of operations. In the N.R.C. study ( 24 ), infection rates 

were related to the particular types of operations performed at 

different time of day, The majority of operations performed late 

in the day were dirty operations, and therefore have a higher risk 

of infection,than clean operations at the begining of the list. 

The Public Health Laboratory Survey ( 34 ) indicated that 

duration , length of incision , drainage of wound and age of patient 

were related to sepsis , as well as the order of the operation on the 

list. Douglas ( 22 ), divided clean operations into long » nedium 

and short duration, and found that with the ' first ' cases there was 
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a higher incidence of ' long ' cases,which ought to have a greater in- 

cidence of sepsis , but did not. The ' first ' cases in his study we- 

re those operations given a priority on the operation list. But, on 

the other hand, Cohen et. al. ( 21 ) in their study, found that the 

operations of patients who acquired infection lasted, on the average, 

50 % longer than'those of the 8,811 patients who did not become inf- 

ected, and that the infection rate increased with increasing duration 

of operation. The correlation is highly significant ( r = 0.985 ). 

Whether this time-risk association is more related to the nature of 

operation procedures with increased exposure to bacteria, or to the 

multiplication of the organism during aperation, or other factors, 

requires further study. By applying multiple regression analysis to 

extensive material published in a P.H.L.S. report ( 34 ) in 1960, 

Lidwell ( 29 ) in 1961 demonstrated that " Certain variables, such 

as duration of operation, length of incision, and insertion of drain 

into a wound, were associated with an increased risk of sepsis, The 

first two factors increased the exposure to micro-organisms in the 

operating theatre , while the third factor , drainage , mainly aug- 

mented the risk of wound contamination in the wards, 

The patient susceptibility to infection is another factor 

that influences the wound infection rate, and patients who were tre- 

ated with prophylactic antibiotics prior to the operation, demonstrated 
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a higher infection rate ( 24, 25 ). Since long term use of prophylac- 

tic antibiotics clearly increase risk , and are adminstered to patients 

of high risk of post-operative infection, then perhaps it is unwise to 

treat the patients prophylactically. Recent reports ( Keighly, 1978,20) 

suggest that short term antibiotic prophylaxis is effective in reducing 

post-operative infection in certain types of wound. Patients who are 

treated with immuno-suppressive drugs or are otherwise particularly sus- 

ceptible, are also more likely to develop infection. This is supported 

by the N.R.C. study ( 24 ) in which a higher wound infection rate was 

found in association with diabetes, obesity and steroid therapy. In 

patients with remote infections ( infection other than in the area of 

the operation incision ), there is an indication of a higher risk of 

acquiring wound infection ( 24, 20 ). Apparently, patients with remote 

infection such as urinary tract infection, lung infection, etc..., are 

ae susceptible to wound infection, and in general, remote infection 

is an indication of lower resistance of the patient. 

In some reports, a good correlation is found between ward 

air and wound infection, which indicates that ward air might be a sou- 

ree of staphylococcal infection ( 26, 27 ). But, the report from the 

committee of the N.R.C. (24) in 1964 concludes that though ultraviolet 

radiation reduced the number of bacteria-carrying particles in the air 

in the operating theatre to a low level, post - operative wound inf- 
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ection was not significantly reduced. Hambraeus and Gillquist (1967) 

also reduced the air contamination in the operating theatre without 

effecting any change in wound infection rate. 

A great number of patients admitted to hospital are operated 

on the same day, the day after admission or just a few days after ad- 

mission, and only a small number of patients stay in hospital for a 

long period of time before operation for tests or other treatment. 

A higher risk of post - operative wound infection is associated with 

this last group, where the length of pre-operative stay in hospital 

is related to the risk of wound infection ( 24 , 25 ). Patients 

- with a long pre-operative stay in hospital are often treated with 

prophylactic antibiotics as previously discussed , thus giving a hi- 

gher risk of wound infection probably by reducing the patients' resis- 

tance to resistant organisms. Since long stay pstients are more li- 

kely to be nasal carriers of hospital strains of staphylococci , this 

may put the patient at a higher risk of wound infection caused by re- 

sistant strains. AS Lisbon (30) in 1963 states, two factors have been 

emphasized as important determinants of post-operative wound sepsis, 

the acquisition of nasel staphylococci of hospital origin ( Williams 

et. al. 1962, 31 ), and the duration of hospitalisation. Also, McEwin 

(32 ) Showed using the re test that infection rate increases with the 

pre-operative length of stay. This test gave a value of 6.86 with two 
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degrees of freedom, which is significant at better than the five per- 

cent level. 

Age and sex of patient are also associated with a risk of 

wound infection. Many workers have found that these two patient par- 

ameters have very close relationship with wound sepsis. It seems that 

the risk of infection is higher in older patients, and thus increases 

with age'( 25, 21, 24, 14, 33, 34 ), and there are two main reasons 

for this : i- The resistance of old patients to various infections is 

in general much lower than it is in the young patients ( 21, 24 ). 

die Young patients more often have clean operations than old patients 

and this results in the lower infection rates ( N.R.C. study, 24 ). 

This is not surprising, because other factors ( e.g. dirty eee 

etc. ) which are associated with higher infection rates are also ass- 

ociated with older patients. 

In considering other patient parameters such as race and sex 

, Gohen et. al. ( 21 ) states that these bear no relation to infection 

» and Whyte et. al. ( 35 ) also states in the results of a study on a 
e 

mechanically ventilated ward and two open wards, that the results fa- 

iled to show any significant difference between males and females in 

the two units. There are, however, many other reports that shows a 

higher infection rate in males than in females (14, 25, 24, 27, 3+). 

In a further explanation, the N.R.C. study ( 24 ) states that a greater 
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number of non-clean wounds occuring in males may account for the higher 

infection rate. When only clean wounds were considered, the wound inf- 

ection rate was slightly lower in males than in females; but for non- 

clean wound the infection rate was higher in males than in females. 

In the end, they concluded that , when all types of wound infection 

rates were used the sex of patient was not a primary determinant of wo- 

und sepsis risk. 

Lindbom ( 30 ) in 1958 showed that auto-infection, defined as 

wound sepsis caused by staphylococcal strains carried in the nasophar- 

ynx before the operation, was probably an important factor in approxin- 

ately 1/3 of all septic cases. Also, Williams et.al. ( 6 ) in 1959 

demonstrated a significant association between nasal carriage of Staph. 

aureus and post-operative wound infection. Again, Williams et. al. (31) 

in 1962 with a greater number of patients confirmed their finding. 

Their results showed that " patients who aquired staphylococci in their 

nose during hospitalisation, developed staphylococcal sepsis more than 

five times as often as others who did not. In most cases nasal coloni- 

zation preceded the sepsis. The P.H.L.S. survey (34) in 1960 also ob- 

served a Similar relation between nasal carriage and wound sepsis, in 

which the difference was not statistically significant. Also, McNeill 

et; al (8) in 1961 states that the acquisition of nasal staphylococci 

of hospital type by patients admitted to surgical wards , has been 
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singled out as an important determinant of post-operative wound infec- 

tion. An alternative view , as expressed by Rountee et. al. ( 1960 ) 

would deem it equally likely that , where patients acquire ward st- 

rains of staphylococci at about the same time in their nose and th- 

eir wounds , then both nose and wound have been infected from some 

another source, Moore and Gardner ( 37 ) in 1963 in their study 

found that post-operative wound sepsis had occured a less frequen- 

tly in patients who were staphylococcal nasal carriers on admission 

to hospital than in non-carriers. 

Gillespie ( 3 ) in 1958 noted that where " nasal prohpy- 

laxis " was applied in two surgical wards , as a sole precaution , 

there had been a marked fall in the nasal carringerate,but at the 

Same time a far smaller effect on the incidence of wound was ob- 

served, He suggested that , to control cross-infection in sur- 

gical patients , it might be necessary to deal with both carri- 

ers and the infected operative wound , while at the same time blo- 

cking some of the more obvious routes of ward cross-infection , 

Such as contaminated blankets or baths. On the other side,Bruun 

(25 ), reported a significant reduction in nasal carriage rate 

and wound infection rate , following nasal prophylaxis. 
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2-3 COMPARISON OF CROSS-SECTIONAL AND CONTINUOUS SURVEY 

Williams in a report concerning ' hospital infection ' said, 

an historical survey of attempts to control hospital infection could 

pegin with Florence Nightingale's campaign for better design of hos- 

pital wards and improved standards of nursing; with Joseph Lister's 

introduction of antiseptic surgery; or with Oliver Wendall Halmes's or 

Ignas Semmelweis's work on puerperal sepsis, Continuous survey are 

carried out over a long period of time in one hospital with no break 

during this period. A cross-sectional or prevalence survey includes 

all patients in a hospital or ward at one time. This may be repeated 

in different hospitals. Most of the repeated survey's are continuous 

surveys. In continuous surveys, the ward and hospital practices are 

eS likely to remain constant as long as time intervals are not too 

long and therefore there should be fewer problems of different prac- 

tices than in cross-sectional surveys. Cross-sectional surveys are 

preferable when large quantities of data are required in a short time, 

and if carried out in different hospitals are less likely to be biased 

by individual parameters. 

The surveys of PH.L.S. ( 34 ) in 11 hospitals between 1957 to 

1959 found the age of patient, length of pre-operative stay in hospital, 

length of incision, and duration of operation were all assocaited with 
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increased sepsis rate, as was the use of a drainage tube. Lindbom 

(30 ) in a continuous study in 1958-59 found that duration of op- 

eration , duration of hospitalisation and nasal staphylococci of hos- 

pital origin were associated with an increased risk of sepsis. In 

both reports, Staph.aureus was the most common pathogen. Also, in 

cross-sectional surveys in Danish hospitals during the year 1957-66, 

Jessen et. al. ( 38 ) found a higher infection rate in males than in 

females, and the risk of infection in older patients was higher. 

Jepsen et, al. ( 39 ) in 1965-66 found a higher but not sinificant 

rate of purulent infection among the men, He introduced a theory 

that this difference is probably due to a predominance of ” bad risk" 

operations in men. 

There are three reports, two cross-sectional and one contin- 

uous reporting survey made between 1966 and 1973. They state similar 

results, namely, age, type of drain, duration of operation, length of 

incision tends to increase the infection rate, The results were con- 

firmed by Berbee et.al. ( 40 ) between 1971 and 1973 from their con- 

tinuous survey, In the other cross-sectional survey made in 38 hos- 

pitals between 1967 and 1973, Ayliffe et. al. ( 14 ) showed a high 

correlation between infection rate and age. The infection rate was 

higher in males than in females, and there was a high correlation bet- 

ween nasal carriage rate and age, and nasal carriage rate and length 
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of stay. Again males had a higher risk of infection than females. 

In comparison, Noble ( 10 ) in his continuous survey between 1966 

and 1968 showed a higher infection rate in males than in females. 

2-4 PATIENT PARAMETERS 

Patient's age and sex are parameters unique to the indi- 

vidual , independent of other factors such as type of operation , 

type of drain , and duration of operation , etc. There is another 

parameter , length of stay in hospital which is a measure of degree 

of exposure to the hospital environment and can be considered as an 

independent parameter of each individual patient , because it depends 

on the patient's condition which may be a function of his own suscep- 

tibility. The effect of these patient's parameters may determine the 

nasal carriage rate and wound infection rate. In other words, these 

patient parameters probably have a close association with a measure 

of a patient's susceptibility. 

24-1 AGE OF PATIENT 

There are a few reports that show a relationship with incr- 

easing age of patient and nasal carriage rate. Lidwell et. al. ( 41 ) 

showed that where was a predominance of elderly patients ( about 61 % 

of the group were over 60 years of age ), there was a higher rate of 
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nasal colonization and acquisition among them. Bruun ( 25 ) also re- 

ported an increase in nasal carriage rate of all strains of staphylo- 

cocei ( as well as multi-resistant strains ) with increasing patients 

age , and Ayliffe et. al. ( 14 ) shows a higher nasal carriage rate 

with increasing age of the patient , in age groups between one and 

seventy years. 

The age is also closely associated with wound infection ite 

self, because Ayliffe et. al ( 14 ) reports a high correlation coef- 

ficient between age and wound infection rate. In the P.H.I.S. study 

( 34 ) and Jessen et. al. ( 38 ) infection rate also increased with 

age. Berbee et. al. ( 40 ) states age and some other factors increase 

the likelihood of clinically apparent infection. Again, Ayliffe and 

Collins ( 42 ) in a study on post-operative infection state that: the 

host factors such as age and sex have a major influence on the occur- 

ence of wound infection. There if one report that has failed to est- 

ablish the significance of age on wound infection ( Cohen et. al. (21)). 

As an explanation they say that, since the nature of the operations 

performed varies with age, the data does not necessarily indicate that 

increasing age is associated with decreased resistance to post-operat= 

ive infection. Bruke ( 43 ) found the lowest infection occuring in the 

15 to 24 years age group and increasing up to twice that rate in the 
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65 to 74 years age group, and Bruun ( 25 ), indicated that the rate of 

wound infection is higher as the age increases, Cowling ( 33 ) report- 

ed a significantly higher wound infection rate with older patients, 

indicating that a total infection rate for patients below the age of 

40 years was 8.8 % and for patients above that age, the infection rate 

was 14,1 % In conclusion, the N.R.C. study ( 24 ) in their controlled 

study showed the incidence of infection is influenced frequently by 

such other factors as the hospital in which the operation was perform- 

ed, the duration of operation, nutritional and metabolic factors of 

patients, and the duration of the patient's pre-operative hospitalisa- 

tion. However, even after adjusting the data for all these factors, 

increasing age is still associated with an increasing incidence of 

wound infection. 

2—te2 SEX OF PATIENT 

In the N.R.C. study ( 25 ) a lower infection rate among fe- 

males is reported, but in explanation they indicate the increased in- 

cidence of wound infection in males is due to more contaminated pro= 

cedures in men. In making adjustments to correct infection rates 

for wound classification, the infection rates in males and females 

become essentially the same, Cohen et. al. ( 21 ) also found similar 

results showing that sex has no relation to infection. But, in com- 
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parison, Ayliffe et. al. ( 14 ) in the cases of nasal carriage rate 

and age , nasal carriage rate and length of stay , and wound infec- 

tion rate and age found a significantly lower infection rate and 

carriage rate in females, lLidwell et. al. ( 15 ) found that staph- 

ylococcal sepsis and wound colonisation were both more frequent in 

male than female patients. Also Jepsen et. al. ( 27 ) have a simi- 

lar explanation to higher risk of infection in males and they intro- 

duce a theory that the higher infection in males is due to a predon- 

inance of ' bad risk ' operations in males, Fekety and Murphy ( 45 ) 

found even in new born babies a greater susceptibility to staphyloco- 

cecal skin infection in males, and Bethune ( 46 ) found that dispersal 

of all aerobic bacteria was more profuse in men than in women. Futher 

supportive evident was given by Ayliffe et. al. ( 17 ) who experienced 

a significantly lower mean settle-plate count when a ward was occupied 

by female patients, These last three reports may indicate a lower 

carriage rate in females than in males, but some doubt still persist 

about whether the infection rate may be due to differences in operations | 

. 
in males. 

2-4-3 LENGTH OF STAY IN HOSPITAL 

The length of hospitalisation directly relates to the patients 

exposure to micro-orgnisms in the ward environment. This obviously 

effects the risk of infection in open wounds, as well as nasal carriage 
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rate. As Berbee et, al ( 40 ) say, the mean stay for the infected group 

was 19.2 days and for the uninfected 15.5 days, The distribution of 

duration of stay is statistically significant ( =17.4, dof, =.5 5, 

1 %>P) 0.1 % ). The PH.L.S. study ( 34 ) states that the length of 

pre-operative stay in hospital is associated with increased sepsis rates 

and again Lindbom ( 30 ) points to the duration of hospitalisation as 

an important determinant of post-operative wound sepsis. In other 

reports, there was found to be a steady increase in the proportion car- 

rying tetracycline-resistant strains of staphylococci with length of 

stay in hospital ( 41, 47, 48 ), and that the number of sensitive st- 

rains of staphylococcus or penicillin-resistant strains of Staphyloco- 

ecus decreased with length of stay in hospital ( 47, 48 ). 

2-5 ANTIBIOTIC PROPHYLAXIS AND TREATMENT 

Many of the patients in: hospitals are treated with antibio- 

tics, especially those who undergo a surgical operation. This parti- 

cular group may receive pre or post-operative antibiotics or both. 

The antibiotics may be administered topically, orally, or parenterally. 

The effect of a topical application is to destroy infecting organisms 

in the wound, oral non-absorbable antibiotics reduce the bacterial 

flora in the colon, and systemic antibiotics kill the bacteria during 

operation. 
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Although the introduction of antibiotics and other chemo- 

therapeutic agents has revolutionised the treatment of bacterial inf- 

ections, many bacteria have responded to this threat to their existence 

by acquiring resistance to a varying number of useful antimicrobial 

agents ( Ayliffe, 1972 ). The widespread prophylactic use of antibio- 

tics is undoubtedly hazardous, and may select resistant strains present 

in small number, Ayliffe in a report in 1972 and Lindbom ( 30 ) state 

that most of the antibiotic-resistant bacteria are found in hospitals 

and in particular Staph.aureus, a common cause of operation wound infec- 

tion, has demonstrated its ability to acquire resistance to every non- 

toxic effective antibiotic introduced, Lidwell et. al. ( 15 ) found 

carriers of multiple-resistant strains disseminated more heavily than 

did the carriers of sensitive organisms; many were undoubtedly receiving 

antibiotics to which their nasal strains were resistant. Also, Cohen 

et. al. ( 21 ) says " In our survey when antibiotics were given, the 

staphylococci causing infection were usually more resistant to antibio- 

tics than when prophylaxis was not given". Anderson et. al. 250") 

States patients giving a history of penicillin therapy had the same re- 

sistance rate of nasal carriage as patients without a history of such 

therapy. Ayliffe et. al.(14 ) found patients receiving antibiotics had 

a Significantly higher carriage rate of resistant strains than those not 

receiving antibiotics. Parker et. al. ( 48 ) reported that patients who 
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received antibiotics acquired multiple-resistant strains in the nose, 

An antibiotic policy to control their use is essential according to 

Speller et. al. ( 51 ), in order to preserve their value in life- 

threatening infections by bacteria resistant to other agents. 

Ignoring the influence of antibiotics on nasal carriage, 

there is still a high risk of wound infection with resistant stapylo- 

cocci associated with the administration of antibiotics. The use of 

prophylactic antibiotics does not necessarily change the overall inf- 

ection rate following general surgery, although the spectrum of orga= 

nisms may be shifted, Fekety (45 ). Cowling et. al. ( 33 ) found two 

per cent of clean wounds become infected in the absence of antibiotic 

cover, but in cases in which antibiotics were used prophylactically, 

this figure was 7.1% Berbee et. al. ( 40 ) also reported that only 

33% of patients given prophylactic antibiotics become infected com- 

pared with 18% of those not given antibiotics, this is statistically 

Significant ( x= 9.1, P<i% ). But because of insufficient number of 

patients, the analysis was carried out on all operation classifications 

and no sub-division into clean and dirty operations was possible, The 

P.H.L.S, study ( 34 ) states despite the demonstrably biased selection 

of patients for antibiotic prophylaxis, an attempt to correct for the 

bias did not alter the fact that treated patients have a much higher 

infection rate than untreated patients, Also, Ketcham et. al. ( 5 ) 
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comments on the effectiveness of post-operative antibiotic prophylaxis 

in both the carrier and non-carrier groups of patients, and says that 

for the carrier group, the patients receiving placebo treatment have 

staphylococcal wound infection rate of 71.4% which reduces to 20.0 % 

in the antibiotic treated group, In the non-carrier group, the staph- 

ylococcal wound infection rate was reduced from 42.9 % 10.7 % by the 

use of antibiotic. 

With the introduction of new antibiotics almost every decade, 

the use of antibiotics is changing. Altermeier ( 53 ) said in 1958 

“As a result of the tremendous impact of antibiotic therapy and the 

everyday miracles following its use, the evolution of the belief among 

Seat that there were no longer any important problems in the pre- 

vention or control of surgical infection was probably inevitable. This 

concept has led to the general and indiscriminate use of many antibio- 

tic agents during the past ten years and has now brought into sharp 

focus the obvious limitations of chemotherapy as well as some of the 

factors which have contributed to the present problem of wound infect- 

ion ". A list of antibiotics used in 1962-63 produced by Parker et. 

al. ( 48 ) showed the main agents to be tetracycline, penicillin, stre- 

ptomycin, neomycin, and chloramphenicol. The antibiotics used between 

1964 and 1967 ( Barrett ( 52 )) were similar except for a decrease in 

that of kanamycin and some newer antibiotics in 1967. The most commonly 
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used antibiotics in these years ( 1964-67 ) were apparently penicillin, 

tetracycline, erythromycin, and streptomycin. Two years later in 1969, 

Ayliffe et, al. ( 12 ) reported that the most used antibiotics were 

ampicillin, tetracycline, benzyl-penicillin, and less commonly strep- 

tomycin and cloxacillin, Again, Ayliffe et. al. ( 11 ) in between 1967 

and 1975 found topical antibioites, especially neomycin widely used. 

Recently in 1974-75 many of the patients have been receiving gentamicin, 

tobramycin, lincomycin, or a mixture of tobramycin and lincomycin.( 51 ). 

2-6 APPLICATION OF MULTIPLE-REGRESSION 

The simple analysis contained in previous studies suggests 

that wound sepsis and nasal carriage are influenced by a number of fac- 

tors, so it seems desirable to explore some form of analysis which would 

given estimates of the independent effect of the several variables. 

Multiple-regression analysis would evaluate the relative importance of 

an independent variable ( e.g. length of stay, type of operation, du- 

ration of operation ) on the dependent variable ( e.g. infection rate 

or naSal carriage rate ). The availability of electronic high-spead 

computers now makes possible methods of analysis which were previously 

quite impracticable because of the excessive labour involved in hand 

computation. 

Since these methods have not yet been widely used in problems 
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of this kind, there are very few reports available. The incidence of 

post-operative wound infection and sepsis in some 3000 patients in twe- 

lve hospitals has been the subject of a report of the Public Health 

Laboratory Survey ( 34 ) and Lidwell ( 29 ) applied multiple-regression 

analysis to the results of this P.H.L.S. study and he established the 

significance of various operative procedures and patient factors on the 

risk of post-operative wound infection. The predominant factors consi- 

dered: age over 60, male sex, long duration of operation, incision over 

6 inches long, and the insertion of a drain in the wound were all found 

to be associated with increased risk of post-operation sepsis, Bruun 

( 25 ) also applied a multiple-regression analysis on some of his re- 

sults and found the type of operation, wound contamination, insertion 

of drain, nasal carrier state of resistant strains, duration of opera- 

tion and pre-operative hospitalisation to be factors associated with 

wound infection.



CHAPTER 3 

IMPLICATIONS OF LITERATURE SURVEY 

3-1 GENERAL CONCLUSIONS OF THE LITERATURE SURVEY 

The literature survey suggests certain general conclusions. 

Hospitalised patients aquire antibiotic resistant strains of staphylo- 

cocci in their noses, The reason why Some people become carriers, and 

some do not, under similar environmental conditions is still not clear, 

The rate of nasal carriage in old patients is higher than in young pa= 

tients. Also at the present time , the number of resistant strains of 

staphylococci in the nose is reduced and nasal strains of staphylococci 

tends to be penicillin-resistant or fully sensitive. 

Whether there is a Significant association between nasal 

carriage of resistant strains and wound infection, is difficult to reject 

or accept from the literature cited, Nasal carriage of resistant staph- 

ylococci is a measure of the patient's exposure to the ward environment 

and possibly an indication of the patient's susceptibility. Therefore, 

nasal carriage of resistant staphylococci can be used as a measure of 

post-operative staphylococcal cross-infection. 

The factors associated with the risk of post-operative sepsis 

Such as type of operation, length of incision, duration of operation, 

drainage and some other procedures are more apparent. Patient parameters 
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such as age and sex are also cosely associated with the risk of wound 

infection. 

The aetiology of staphylococcal wound infection can be studied 

either using a continuous or a coss-Sectional survey. A cross-sectional 

survey is a method of surveillance which is very useful for inter-hosp- 

ital comparisons, By the use of the same criteria for judging infections 

» & meaningful comparison of nasal carriage rates and infection rates 

between hospitals is possible. Continuous surveys are carried out in 

over a longer period of time, with no breaks during this period, and are 

useful for demonstrating the occurence of infection in an individual 

hospital under similar ward conditions. The literature cited appears 

to show that there is similarity between the results of cross-sectional 

surveys and continuous surveys, particularly in patient parameters and 

in this work it is intended to measure patient parameters in a continuous 

survey in hospitals where cross-sectional results are known. Obviously 

interaction due to differing ward practices are reduced under these 

conditions, 

The significance of patient parameters on wound infection and 

nasal carriage has been well documented. The age of patients is most 

important; older patients are more likely to acquire infection because 

they undergo more complicated survey and this can be considered as a



function of patient's age as well as susceptibility to infection. ‘he 

relationship between age and nasal carriage of resistant staphylococci 

is well known; i.e., there is a higher nasal carriage rate in older 

patients. The wound infection rate and nasal carriage rate is lower in 

females than in males, As explanation for lower wound infection rate, 

the female patients may undergo less complicated surgery, but the reason 

for lower nasal carriage rate is unknown. The length of stay in hospital 

is closely related to the nasal carriage rate, which can be used as a 

measure of exposure and to the patient's susceptibility to infection. 

The significance of antibiotic therapy on nasal carriage and 

wound infection is doubtful. It is difficult to say in most studies, 

whether it was administered to patients with a higher risk of infec- 

tion, or whether the antibiotic treatment resulted in a higher infec- 

tion rate. But there is no bias in the relationship between antibio- 

tic use and nasal carriage, and probably, the sensitive strains of 

Staphylococci are suppressed by the use of antibiotics resulting in 

a higher carriage rate of resistant strains, Multiple-regression 

analysis is useful in detasniniee the relative significance of var- 

ious factors on nasal carriage and wound infection. 
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3-2 THE PRESENT WORK 

The aim of present work is to consider the significance of 

patient parameters on nasal colonization and wound infection. The sig- 

nificant patient parameters determined in the different survey data, 

will be represented as a patient's susceptibility index, then a mathe- 

matical model will be fomulated. A further aim of this study is a 

comparison between cross-sectional surveys and continuous surveys. 

This comparison is based on the significance of age on wound and nasal 

carriage, and length of stay on nasal carriage. The sex and antibiotic 

treatment are also considered, But there is a bias in ti results because 

of small size of samples in the more recent study. 

3-3-1 _DUDLEY ROAD ( B4 ) CONTINUOUS SURVEY 

Studies were carried out by the Infection Research laboratory, 

Dudley Road Hospital, Birmingham ( 17 ), in a modified ward ( BY ), 

containing nineteen beds; fourteen of them were in the open ward, one 

in a wWindow-ventilated side-room, two in cubicles with recirculation 

and two in self-contained isolation suites with plenun ventilation, 

ultra-violet ( uv ) barriers at doorways and airlocks ( Fig. 1 ys 

The ward was studied from October 1965 to December 1969, apart from 

several periods during which it was either closed or used for patients 

who were not included in the series, The ward was mainly used as an 
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ordinary surgical ward; patients in the self-contained plenum-ventilated 

unity remained in them throughout their stay in hospital, but patients 

in the recirculation and window-ventilated rooms walked through the open 

ward to the bathroom and toilet. 

3-3-2 ‘TECHNIQUE OF SURVEY 

In addition to personal details such as age, sex, and date 

of admission, the information included days in hospital, diagnosis, 

operation, wound and other sepsis, antibiotics given and bacteriolo- 

gical results. Information on sepsis was obtained daily from the ward 

sister by the laboratory staff. Wounds were classified as septic if 

there was any evidence of clinical infection irrespective of presence 

or absence of pus. Swabs were taken daily for 6 days a week from pat- 

ients' noses and weekly from the staff. Swabs were taken from drained 

or moist wounds at the first dressing and at subsequent dressings when- 

ever possible, also from any other infected lesions. All the informa- 

tion on all patients was transferred to specially designed forms ( App- 

endix A ) suitable for transfer to punch cards, In this work, only the 

last two years has been studied, The data validation and analysis was 

carried out using the University of Aston Computer ICL 1904s. 

3-3-3 BACTERIOLOGICAL METHODS 

Nasal swabs were cultured on nutrient agar containing 1 % 

n-



serum and phenol phthalein diphosphate ( Barber & Kuper, 1951, 44 ). 

Wound swabs were cultured aerobically on blood agar, McConkey medium 

and in cooked meat broth, which was subcultured aerobically and anae- 

robically. Tests of antibiotic sensitivity on Staph.aureus were made 

by a ditch-plate ( Topley, Lowbury & Hurst, 1951 ) or dise diffusion 

method, Antibiotic sensitivity tests were made on strains grown from 

the nose and wound, Most strains of Staph.aureus isolated from wounds, 

lesions and noses were phage typed ( Blair & Williams, 54 ). 

3-3-4 DEFINITIONS 

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, 1964, 24 ) 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 bac- 

terial contamination could occur but evidence of contamination was un- 

certain, e.g. operation on the stomach, gull-bladder and bladder, 

2.



Contaminated 

An operation transecting systems where bacteria are known to 

be present ( and usually abundent ), or in the vicinity of apparent 

inflammatory reactions, e.g. operations on colon, perforated appendix, 

mouth. 

Severity of infection was defined as follows: 

Mild. A small or superficial area of inflammation with minimal dis- 

charge. 

Moderate. Superficial inflammation of whole wound ( or over one-third ) 

with a serious exudate or small amount of purulent discharge; or & de- 

eper infection involving a small area ( one-third or less ) usually 

with purulent discharge. 

Severe. A deep purulent infection with or without sinuses or fistula 

or wide spread cellulitis, or wound breakdown with an obvious inflam- 

matory reaction and pus, 

3a4-1 DR. ( D5 & 21) AND G.H. ( 8 & 9 _) CONTINUOUS SURVEY 

The survey was made from first of November until the end of 

December 1977 by the Infection Research Laboratory, Dudley Road Hospi- 

tal, Birmingham ( 69 ). The survey were carried weekly on patients in 

four surgical wards, in an old ( Dudley Road ) and a new district (Good 

Hope ) general hospital. The wards in Dudley Road hospital consisted of two 

open surgical wards ( 1 male, 1 female ) with between 25-30 beds; and 
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a side room with one or two beds ( Fig. 2a ). The wards in Good Hope 

hosptial consisted of 30 beds ( mixed male and female ); in rooms with 

one , two, or four beds ( Fig. 2b ). The wards had one separate dress- 

ing room which was used for the routine dressing of wounds, 

3-4-2 TECHNIQUE OF SURVEY 

The collected data were entered on specially designed forms 

( Appendix B ). Information about patient's age and sex, date of ad- 

mission, date of operation, movement, diagnosis, duration of operation, 

surgeon, operating theatre, length of incision, wound sepsis or other 

infection, and some more procedures were obtained from the kardex or 

patient's notes and recorded on one form. Information about antibiotic 

usage was entered on another form. Wounds were sampled using cotton 

wool swabs, which were moistened in saline; the presence or absence 

of sepsis was recorded according to the definitions previously descri- 

bed, Swabs were taken from the noses of all the patients in the ward, 

and from most operation wounds or other lesions. The data validation 

and analysis was carried out using the University of Aston Computer 

( ICL 1904s ). The bacteriological methods and definitions for wound 

infection were the same as in the previously described. 

3-5 THE BIRMINGHAM REGIONAL SURVEY ( CROSS-SECTIONAL ) 

This survey was carried out between 1967 and 1973 by the In- 
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fection Research Laboratory, Dudley Road Hospital, Birmingham ( 14 ). 

The survey consisted of hospitals in the Birmingham region, where 38 

hospitals were visited, and repeated surveys were made in 12 hospitals. 

Over 12,000 patient records were collected from over 500 wards with a 

multiplicity of ward practices. This represented a large auner of 

patients when compared with most other surveys ( both types ), where 

the patient numbers was rarely greater than 550. Goonatilake ( 49 ) 

applied multiple regression analysis to the results of this survey, 

and formulated a mathematical model on the significant patient para- 

meters, Because there are similarities for patient parameters bet- 

ween continuous and cross-sectional surveys, it is intended to use 

the work of Goonatilake ( 49 ) as a basis for comparison with the 

continuous surveys for Dudley Road hospital that will be used in this 

thesis. 
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CHAPTER 4 

SIGNIFICANCE OF PATIENT PARAMETERS ON WOUND INFZCTION 

4-1 INTRODUCTION 

In chapter 2, the asseiation of hospitalisation with a high- 

er incidence of nasal carriage of tetracycline Staph.aureus and the 

association of carriage with a higher risk of the wound infection was 

observed using carriage of resistant staphylococci as convenient meth- 

od of measuring cross infection transmitted on dry equipment or in the 

hospital air. Patient parameters such as age and sex are unique to 

every individual patient, irrespective of his clinical or operative 

condition, and while the assciation of increasing age with a high risk 

of acquiring post-operative wound infection is stated in previous stud- 

ies, the significance of the sex of patient has been somewhat inconclu- 

sive, 

In this chapter, the rate of wound infection in relation to 

nasal carriage before and after operation, and also the significance 

of age of patient on wound infection rate is quantified using a curve 

fitting approach. The association of sex of the patient is also inves- 

tigated. Any bias arising from associated factors such as type of wou- 

nd, presence of drains and type of operation is also included, However, 

before analysis, it is necessary to define wound infection. 
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4-2 DEFINITION OF WOUND INFECTIONS 

In the two continuous surveys considered for this work ( Dud- 

ley Road (B4) 1968/69 , and Dudley Road (D15 & 21) &G.H. (8 & 9) 1977), 

the wounds were described as having: i- no infection; ii- redness of 

edges and serious discharge; iii- pus; iv- cellulitis. The presence of 

haematoma, sinuses or fistula, 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 infection 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 one-third ) 

with a serious exudate or small amount of purulent discharge or a deep- 

er infection involving a small area ( one-third or less ) usually with 

a@ purulent discharge. 

Severe. A deep purulent infection with or without sinuses or fistula 

or widespread cellulitis or wound breakdown with an obvious inflammat- 

ory reaction and pus. 

The grade of severity, although based on the above definit- 

ions, was examined and assessed by one or the other of two abservers. 
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In the analysis, doubtful infections and certain categories of operat- 

ions, €.g. vaginal, rectal, traumatic, and drainage of absecesses, have 

been excluded, 

423 NASAL CARRIAGS AND WOUND INFECTION RATE 

Out of 533 patients in dudley Road (B4) continuous survey 

(1968/69), 283 patients had operations and the corresponding total 

wound infection rate was 14.13%. Table 1 shows the wound infection 

rate and nasal carriage of tetracycline resistant Staph.aureus. AS 

the literature survey led us to expect, the infection rate was lower in 

patients that were not colonized (11.87 %) than in patients that were 

colonized (40.90 %). The difference between these two categories is 

statistically significant Ce 14,07, 1 D.F., ?0,005). The patients 

were further classified to sex. Table 2 shows that ae wound infection 

rate in males was 12.26% and in females 16.66%. The difference between 

infection rates is not statistically significant @e 3056, DLE, P(0.2 

), but the number of females with infection was very small. 

Table 1, Nasal Colonization and Wound Infection Rate. 

No. in group Percentage Infected 

Colonized 22 40.90 

Not-colonized 261 11.87 

Total 283 14.13 

Colonized = Patient has acquired tetracycline resistant Staph. 

aureus in his nose in hospital. 
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Table 2, Nasal Colonization, Sex and Wound Infection Rate. 

Fenales Males 
No. in Group infection No. in Group Infection 

Colonized 4 ae 18 Sep 

Not-colonized 116 15.51 145 8.96 

Total 120 16.66 163 12.26 

Out of 22 infected patients, 7 were colonized before operat= 

ion and 15 were colonized after operation. Table 3 shows infection 

rate is statistically significant in patients that have become colon- 

ized after operation ( x” = 767.19 , 1 D.F. , P0.001 ) . 

Table 3, Wound infection rate and nasal colonization before and 

after operation. 

Colonized Patients Percentage Infected 

Before operation 7 42.85 

After operation 15 40.00 

Total 22 40.90 

44 EFFECT OF AGE AND SEX OF PATIENT ON WOUND INFECTIONS 

Yale) DUDLEY ROAD (B+) CONTINUOUS SURVEY (1968/69) 

Patient ages were classified in seven groups for convenience, 

and to provide an adequate number in each group, 10 years was taken as 

the interval. The wound infection rates for these age groups are shown 

in Table 4, Wounds in patients under ten years of age were excluded for 
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the purpose of analysis, because of a very small number of patients. 

Table 4, Wound Infection Rate and Age of Ptient. 

Age Group No. of Patients Infection Rate 

11-20 22 9.09 

21-30 53 6.06 

31-40 39 17.94 

41-50 4 7.81 

51-60 61 11.47 

61-70 30 30.00 

71 & over 25 32.00 

Total 283 14.13 

The differences in infection rates in these seven age group 

were atatatibaliy aiguittoant! (ie 42.58, 6 D.F., P<0.005 ). The 

relationship between wound infection rate and age can however, be well 

represented by a quadratic equation, YI = A = BX + cx’, where YI is the 

infection rate, X is the age and A, B and C are constants, For the 

data in Table 4 the following quadratic equation gave the best fit with 

& sum of squared deviation ( SSD ) of 167.85 which absorbs 82 per cent 

of the variance about the mean; 

YI = 15.27 = 0.527.X.+ 0,01 ¥ 

differentiating to obtain the minimum value for Y, 

dy 
791 X= 26, 

This fitted curve together with the 95 per cent confidence limit 

i=



( Fig. 3 ) therefore suggests a minimum infection rate about the age of 

26, with the infection rate increasing for younger or older age, 

The patients in the some age groups were further classified 

according to sex ( Table 5). The total infection rate was slightly 

higher in female patients ( 16.67% ) than in male patients ( 12.27% ). 

This difference is not statistically significant ( ree 1.09, 1.D.F., 

P £0,500 ). The relationship between age and wound infection rate for 

both groups can be represented by quadratic equations. The equation 

for the female patients is: 

YI = 6,86 = 0.215 X + 0.008 x » SSD = 309,18 

which absorbs 82 per cent of the variance about the mean and has a min- 

imum infection rate at 13 years ( Fig. 4). For male patients: 

YI =:23.9 = 0.81 X+0,01 x° ,  ssD = 402.05 

which absorbs 41 per cent of the variance about the mean and has a min- 

imum infection rate at 40.5 years ( Fig. 4 ). 

Table 5. Age, Sex and Wound Infection Rate. 

Age Group Males Females 

patients .% infected patients &% infected 
11-20 n 18.18 nu 0.00 

21-30 22 455 a 9.09 

31-40 15 13.33 24 20.83 

41-50 32 3.12 32 12.50 

51-60 43 11.63 18 11.11 

61-70 21 33.33 9 22.22
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71 & over 11 18,18 14 42 .86 

Total 163 12.27 120 16.67 

hoe2 DR, (D15 & 21) AND G.H. (8 & 9) CONTINUOUS SURVEY (1977) 

Out of 559 patients, 164 patients had operations, Patient 

ages were classified in three groups ( 50 - over 70 ) for convenience, 

10 years was taken as the interval . Wounds under 50 years are excl-e 

uded for the purpose of analysis because , there was no infected pat- 

ients under this age group. The wound infected rates for these groups 

are shown in Table 6 . 

Table 6. Age of Patient and Wound Infection Rate 

Age group No. of Patients Infection Rate 

51 = 60 24 25.00 

61 = 70 45 22.22 

71 & over 43 230e5 

Total 112 23.21 

The differsnnes in infection rates in these three age groups 

(50 = over 70) were not statistically significant «x = 5.44, 2 D.F., 

P<0.10) . The relationship between wound infection ate and age can 

best represented by a quadratic equation of the form YI = A+ BX + CX’, 

where YI is the infection rate , X is the age and A , B and C are con- 

stants . For the data in Table 6, the following quadratic equation 
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gave the best fit , with a sum of squared deviation ( SSD ) of 0.00 

which absorbs 100 percent of the variance about the mean; 

YI = 108,34 = 2.5 x + 0.019 x 

and has a minimum infection rate at 67 years , with the infection rate 

increasing for younger or older patients . ( Fig. 5 ) 

The patients in the same age groups were further classified 

according to sex ( Table. 7 ). The total infection rate was the same in 

males ( 23.33 % ) females ( 23.07 % ). Quadratic equations were the 

best fit in the both groups . For female patients the equation is : 

YI = 704,87 = 20,07 X + 0.145 x* , sSD = 0,00 

which absorbs 100 percent of the variance about the mean and has a mi- 

nimum infection rate at 69 years, For males patients: 

YI = =419,95 + 12.8 X - 0.091 x , SSD = 0.00 

which absorbs 100 per cent of the variance about the mean and has a mi- 

nimum infection rate at 7o years, Both curves are shown in Fig. 5. 

Table 7. Age, Sex and Wound Infection Rate. 

Females Males 

Age Group Number % Infected Number &% Infected 

51-60 12 41.66 2 8.33 

61-70 19 15.78 26 26.92 

71 & over eu 19.04 22 27.27 

Total 52 23.07 60 23.33 
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CHAPTER 5 

SIGNIFICANCE OF PATIENT PARAMETERS ON NASAL CARRIAGE 

5-1 INTRODUCTION 

In chapter 4, patient parameters related to post-operative 

wound infection were examined. Staphylococcal cross-infection, how- 

ever, is largely dependent on the level of ward contamination ( 64, 70, 

67 ), which could be different in different parts of the ward, It 

has been more practical to define the carriers of multiple or tetracy- 

cline-resistant strains of staphylococci as nasal carriers, because 

these strains were mainly associated with hospital environments, But 

the current situation is somewhat different with the changing nature 

of staphylococci, nasal carriers therefore, will be defined in this 

chapter as the carriers of any strain of staphylococci; with explana- 

tion in brackets. 

Age, sex length of stay in hospital and exposure to antibio- 

tic can be classified as patient parameters, because these are indep- 

endent of patients’ clinical or operative conditions. The significance 

of age and length of stay on nasal carriage will be quantified using 

curve fitting techniques and the association of sex of patient and chem- 

otherapy with nasal carriage is also investigated in this chapter. 

5-2 AGE AND SEX OF PATIENT 

50



5e2-1 DUDLEY ROAD (B4) CONTINUOUS SURVEY (1968/69) 

Patient ages were classified in seven groups, ten years was 

taken as the class interval, The analysis was carried out for four types 

of strain of Staphylococcus aureus: i- resistant strains, ii- penicillin 

resistant strains, iii- sensitive strains, iv- all strains. 

i- RESISTANT STRAINS 

The nasal carriage rate of tetracycline-resistant staphylococci 

for different patient age groups are shown in Table 8. 

Table 8, Age of Patient and Nasal Carriage Rate. 

Age group No. of patient Nasal carriage rate 

11-20 * 8.82 

21-30 56 5.35 

31-40 69 44 

41-50 107 5.60 

51-60 aig, 9.73 

61-70 74 7.89 

71& over 64 10.93 

Total 533 7.50 

The relationship between nasal carriage rate and age can however, be re- 

presented by a quadratic equation, YY=A-BX+C x, where YN is the 

naSal carriage rate, X is the age and A, B and C are constants. For the 

data in Table 8, the following quadratic equation gave the best fit; with 

& sum of squared deviation ( SSD ) of 12.89 which absorbs 77 per cent of 

the variance about the mean; 
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YN = 11.42 = 0,305 X + 0,004 se 

This curve with the 95 per cent confidence limits are illustrated in 

Fig. 6. The minimum carriage rate is at 38 years, 

The patients in the same age groups were further classified 

according to sex. As Table 9 shows, the total nasal carriage rate is 

higher in males ( 11.85% ) than in females ( 3.04% ), This difference 

is statistically significant ( x° = 14.88, 1 D.F., P(0.005 ), A quedra- 

tic equation were the best fit in both instances, For female patients 

the equation 48? yy = 1.48 - 0,055 X + 0.0013 X° , SSD = 47.35 

with 42 per cent of the variance about the mean absorbed and a minimun 

carriage rate at 21 years, For male patients the equation is: 

YN = 29.74 = 0.926 X + 0.01 x* , SSD = 114,42 

with 64 per cent of the variance about the mean absorbed and a minimun 

carriage rate at 46 years. These curves are illustrated in Fig. 7. 

Table 9, Age and Sex of Patient and Nasal Carriage Rate. 

Females Males 

Age group Number % Number % 

11-20 20 0.00 a 14 21.42 

21-30 29 0,00 27 neu 

31-40 42 4,76 27 3.70 

150 55 3.64 2 7.69 
51-60 46 0.00 67 16.41 

61-70 31 0.00 43 13.95 

71& over 37 8.11 27 13.79 

Total 263 3.04 270 11.85 
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ii- PENICILLIN-RESISTANT STRAINS 

The nasal carriage rate of penicillin-resistant staphylococci 

for different age groups are shown in Table 10. 

Table 10. Age of Patient and Nasal Carriage Rate. 

Age group No. of patients Nasal carriage rate 

11-20 w 32.035 

21-30 56 28.57 

31-40 69 27.53 

41-50 107 21.49 

51-60 13 25.66 

61-70 74 18.91 

71& over ory 25.00 

Total ae 24.39 

A quadratic of the type YN = A - BX'+ CX was the best fit for 

the relationship between nasal carriage rate and age of the patient, where 

YN is the nasal carriage rate, X is the age and A, B and C are constants. 

The equation for all patients is: 

YN = 40.56 = 0.59 X + 0.0049 x* , SSD = 33.104 

which absorbs about 82 per cent of the variance about the mean. This 

curve together with the 95 per cent confidence limits are illustrated in 

Fig. 8. The minimum carriage rate is at 60 years. 

Examination of Table 11 shows that the total nasal carriage 

rate in males ( 25.55% ) is similar to females ( 23.19% ), where the dif- 

ference is not statistically'significant ( X= 0.39, 1 D.F., P (0-750 ). 
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Table 11. Age and Sex of Patient and Nasal Carriage Rate. 

Females Males 

Age group NO. % No. % 

11-20 20 20,00 4 50.00 

21-30 29 20.69 27 37.03 

3140 42 30.95 27 22.22 

41-50 55 25.45 52 17.30 

51-60 46 15.22 67 32.83 

61-70 31 19.35 43 18.60 

7l& over 37 27.03 27 22,22 

Total 263 23.19 270 25.55 

A quadretic equation was the best fit in both groups. For fee 

male patients the equation is: 

YN = 21.24 + 0.06 X = 0.0006 X , SSD = 172.29 

which absorbs 5 per cent of the variance about the mean and a minimum 

carriage rate is at 53.3 years. For male patients the equation is: 

YN = 70.73 = 1.749 + 0.015 X* , SSD = 235.83 

which absorbs 86 per cent of the variance about the mean and a mimimun 

carriage rate is at 58.5 years. Fig. 9 shows these curves. 

iii- SENSITIVE STRAINS 

The nasal carriage of sensitive staphylococci for the differ- 

ent age groups are shown in Table 12. A quadratic of the type 

YN=A-BX+C x, where the best fit for the relationship between 

nasal carriage rate and age of the patient. The equation for all patients 

ist YN = 23,08 = 0.688 + 0,009 X° , SSD = 5.725 
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with 91 per cent of the variance about the mean absorbed and a minimun 

carriage rate at 38 years. This curve with 95 per cent confidence limits 

are illustrated in Fig. 10. 

Table 12 Age of Patient and Nasal Carriage Rate. 

Age group No. of patients Nasal carriage rate 

11-20 w 14.70 

21-30 56 12.50 

31-40 69 8.69 

41-50 107 11.21 

51-60 13 14,15 

61-70 74 16.21 

71& over 4 23.43 

Total 533 14.07 

Examination of Table 13 shows that the total nasal carriage 

rate in males ( 12.22% ) is slightly lower than in females ( 15.97% ), 

where the difference is not statistically significant ( = 1.53, 1 D.F., 

P Xo 250 ). 

Table 13 Age and Sex of patient and Nasal Carriage Rate. 

Females Males 

Age group Number % Number % 

11-20 20 20.00 14 714 

21-30 29 13.79 27 nu 

31-40 42 9.52 27 7.40 

41-50 55 2.73 52 9.61 

51-60 46 19.57 67 10.44 

61-70 31 22.58 43 11.62 
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71& over 37 18.92 27 29.62 

Total 263 15.97 270 12,22 

A quadratic equation was the best fit in both groups. For fe- 

males patients the equation is: 

YN = 23.72 = 0.517 + 0.0067 X° , SSD = 75.27 

which absorbs 65 per cent of the variance about the mean and a minimum 

carriage rate is at 38.5 years. For male patients the equation is: 

YN = 18.69 = 0.728 X + 0.0109 x°, SSD = 80,099 

which absorbs 83 per cent of the variance about the mean and a minimum 

carriage rate is at 33 years. Fig. 11 shows these curves, 

iv- ALL STRAINS 

The nasal carriage rate of all staphylococci for the different 

age groups are shown in Table 14, 

Table 14 Age of Patient and Nasal Carriage Rate. 

Age group No. of patient Nasal carriage rate 

11-20 wH 47.05 

21-30 56 41.07 

31-40 69 36.23 

41-50. 107 38.31 

51-60 113 26.54 

61-70 74 35.13 

71& over 4 48.43 

Total 533 38.46 

A quadratic of the type N= A-BX+C X, where YN is the 

nasal carriage rate, X is the age and A, B, and C are constants, was the 
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best fit for the relationship between nasal carriage rate and age of the 

patient. The equation for all patients is: 

YN = 68.04 - 1.517 X + 0.016 * , SSD = 105.82 

which absorbs 82 per cent of the variance about the mean and a minimun 

carriage rate is at 47 years. This curve with 95 per cent confidence 

limits are illustrated in Fig, 12. 

As Table 15 shows, the total nasal carriage rate is slightly 

lower in males ( 37.77% ) than in females ( 39.16% ), where the differ- 

ence is not statistically significant ( xe O.2,) LDF, P 0.900 

Table 15 Age and Sex of Patient and Nasal Carriage Rate, 

Females Males 

Age group Number % Number % 

1-20 20 40.00 14 57.14 

21-30 29 48 27 48,14 

31-40 42 40.47 27 29.62 

41-50 55 38.18 52 26.92 

51-60 46 34.78 67 43.28 

61-70 31 41.93 43 30.23 

71 over 37 45.94 27 51.85 

Total 263 34.16 270 "37.77 

A quadratic equation was the best fit in both groups . For 

female patients the equation is: 

YN = 44,96 = 0.45 X + 0.006 X° , SSD = 40,37 
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with 73 per cent of the variance about the mean absorbed and a minimum 

carriage rate at 37.5 years. For male patients the equation is: 

YN = 89,41 - 2.477 X + 0.026 * , SSD = 257.66 

with 84 per cent of the variance about the mean absorbed and a minimum 

carriage rate at 47.5 years, These curves are illustrated in Fig. 13. 

5-2-2 DR. (D15 & 21) & G.H. (8 & 9) CONTINUOUS SURVEY (1977) 

Since_there was not any tetracycline-resistant strains of sta- 

phylococci, then the analysis was carried out for penicillin-resistant 

strains, The nasal carriage rate of penicillin-resistant staphylococci 

for the different age groups are shown in Table 16. 

Table 16 Age of Patient and Nasal Carriage Rate. 

Age group No. of Patients Nasal Carriage Rate 

11-20 ~ 50 18.00 

21-30 Ay 20.45 

31-40 4o 5.00 

41-50 oo 18.86 

51-60 8h 17.85 

61-70 125 13.60 

71& over 163 14.72 

Total 559 15.38 

A quadratic of the type N= A-BX+C X was the best fit 

for the relationship between nasal carriage rate and age of the patient, 

where YN is the nasal carriage rate, X is the age and A, B and C are 

constants. The equation for all patients is: 

YN = 21 - 0.248 X + 0.002 x » SSD = 153.37 

with 31 per cent of the variance absorbed about the mean and a minimum 
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carriage rate at 62 years. This curve together with 95 per cent confi- 

dence limits are illustrated in Fig. 14, 

Examination of Table 17 shows that the total nasal carriage rete 

in males ( 18.36% ) is higher than in females ( 12.07% ), where the diff- 

erence is statistically significant ( ee 4,22, 1D.F., P {0.05 ds 

Table 17 Age and Sex of Patient and Nasal Carriage Rate, 

Females Males 

Age group Number % Number % 

11-20 30 13639 20 25.00 

21-30 21 23.80 2D 17.39 

31-40 2h 0.00 16 12.50 

41-50 23 17.39 30 20.00 

51-60 35 14.28 ho 20.40 

61-70 51 7.84 74 17.56 

71& over 81 12.54 82 17.07 

Total 265 12.07 294 18.36 

A quadratic equation was the best fit in both groups. For 

female patients the equation is: 

YN = 19,1 - 0.24 X +0,0018 x° , ssD = 314.93 

with 22 per cent of the variance about the mean absorbed and a minimum 

carriage rete eat 75 years, For male patients the equation iss 

YN = 27,18 - 0.39 X + 0.0037 X° , SSD = 67.68 
with 47 per cent of the variance about the mean absorbed and a minimum 

carriage rate at 53 years, These curves are shown in Fig. 15. 
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5-3 CHEMOTHERAPY 

Patients receiving one or more antibiotic at the time of the 

survey, were included in the antibiotic group. The analysis has been 

done for both Dudley Road (B4) continuous survey (1968/69) and D.R. (D15 

& 21) and G.H. (8 & 9) continuous survey (1977). 

5=3-1 DUDLEY ROAD (B+) CONTINUOUS SURVEY (1968/69) 

Tetracycline, penicillin and ampicillin were the most commonly 

used antibiotics, which together accounted for more than half the total 

antibiotics being administered, The analysis has been carried out for 

four types of strain of Staph.aureus: 

i- Resistant strains 

The nasal carriage rate of tetracycline resistant staphylococci 

of patients who received antibiotics ( 13.67% ) was significantly higher 

than that of the patients who did not receive antibiotics ( 3.42% ), ( 

x= 19.32, 1 D.F., £0,005 ). The effect of the administration of ind- 

ividual antibiotic is shown in Table 18., and the related histogram is 

illustrated in Fig. 16. The statistical significance of each agent was 

tested against the no-antibiotic group for the difference in carriage rate. 

This difference was significant for patients treated with all antibiotics 

listed in Table 18, expect for nitrofuratoin which showed 

a@ lower carriage rate than the untreated group. Patients treated with 

penicillin showed the highest carriage rate. Some other antibiotics 

-79-
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such as neomycin and kanamycin were not included, as their use was too 

infrequent. A higher nasal carriage rate for treated patients was found 

in males ( 24.24% ) than in females ( 4.42% ), the difference is statis- 

tically significant ( x= 17.47, 1D.F., P {0.005 ). 

Table 18 Nasal Carriage in relation to type of Antibiotic. 

Antibiotic No. in group Carriage rate x Significance 
(%) 1D.F. 

None 321 3.42 

Penicillin 51 21.56 26.2 Sie(P.(0.005) 

Ampicillin 48 10.42 4.80  Sig(p 0.050) 

Sulphanamide 15 13.33 3.56 NS(p 0.100) 

Tetracycline — 86 10.46 7.29 Sig(p 0.010) 

Nitrofurantoin 8 0.00 0.27 NS(p 0.750) 

Sig = Significant NS = Not-significant 

ii- Penicillin resistant strains 

The nasal carriage rate of penicillin resistant staphylococci in 

patients who received antibiotics ( 31.13% ) was significantly higher than 

that of patients who did not receive antbiotics ( 19.93% ) ( se 8.67, 

1DQF., P (0.005 ). The statistical significance of each antibiotic was 

tested against the non-antibiotic group for the difference in nasal car= 

riage rate ( Table 19 ). This difference was significant for patients 

treated with penicillin and tetracycline, but for Awpicitiinn the nasal cargiage 

rate was lower than in untreated groups. Patients treated with penici- 
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llin showed the highest carriage rate. A lower carriage rate in treat~ 

ed patients was found in males ( 27.43% ) compared with females ( 35.35%), 

but the difference was not significant ( ee 1.55, D.F., P £0,250), The 

related histogram for all patients is illustrated in Fig. 17. 

Table 19 Nasal Carriage in relation to type of Antibiotic. 

Antibiotic  No.in group Carriage rate —_x* Significance 
(2) 1D.F. 

None 321 19.93 

Penicillin 51 39.21 9.38 Sie(p (0.005) 

Ampicillin 48 16.66 0.29 NS (p 0.750) 

Sulphanamide 15 83,23 1:73 NS (p (0.250) 

Tetracycline 86 33.72 7425 Sie(p¢ 0.010) 

Nitrofurantoin 8 25.00 0.12 NS (p K0.750) 

iii- Sensitive strains 

The nasal carriage rate of sensitive staphylococci in patients 

who received antibiotics ( 10.37% ) wes significantly lower than that of 

patients who did not receive antibiotics ( 16.51% ) ( in 3505, 1D.F .5 

Pd 0.050). The effect of the administration of individual antibiotic is 

shown in Table 20, and the related histogram is illustrated in Fig. 18, 

The statistical significance of each agent was tested against the non- 

antibiotic group for the difference in the nasal carriage rate. In sen- 

sitive strains, patients treated with nitrofurantoin showed the highest car= 

riage rate, and the nasal carriage rate for males ( 10.10% ) and females 

~82—



 
 

NON 

g3asn 
S
I
I
L
O
I
S
1
I
N
Y
 

LIN 
dV, 

J31 
- 

o
s
 

Nad 
 
 

  
  

 
 

  
  
 
 

  
 
 

     
 

 
 

      

AL 
AYNSIS 

cuyens 
yueysisal-uljiolued 

Sb 

os 

(4) alva 39V1aavI TYSVN   
 
 

=83—



 
 

NON 

OASN 
S
O
L
L
O
I
S
I
L
N
V
 

LIN 
A
V
 

13h) 
0
S
 

N3d 
 
 

  
  

 
 

  
  

 
 

  
 
 

  
 
 

  
  

 
 

  
 
 

8L 
dYNDIs 

suies}s 

€%) ALvVa 3Ov]YyVI TVSYN OAI}ISUAS   
 
 

-84-



( 10.61% ) was similar, 

Table 20 Nasal Carriage in relation to tyne of Antibiotic, 

Antibiotic No.in group Carriage rate x Significance 

(%) DF. 
None 321 16,52 

Penicillin DL 9.80 1.53  NS(p (0.250) 

Ampicillin 48 10.41 1.16 _¥S(p 0.500) 

Sulphanamide 15 20.00 0.12 NS(p 0.750) 

Tetracycline 86 8.13 3.78 NS(p 0.100) 

Nitrofurantoin 8 25.00 0.77 NS(p 0.750) 

ive AML strains 
The nasal carriage rate of all staphylococci for patients who 

received antibiotics( 41.50% ) was similar to patients who did not ree 

ceive antibiotic ( 36.44% ), The ‘effect of the administration of indivi- 

dual antibiotics is shown in Table 21, the related histogram is illust- 

rated in Fig. 19, Patients treated with sulphamanide showed the highest 

carriage rate, The nasal carriage rate between male patients { 45.45% ) 

and female patients ( 38.00% ) was similar, 

Table 21 Nasal Carriage in relation to type of Antobiotic. 

2 
Antibidtics No. in group Carriage rate xX Significance 

(f) .F, 
None 321 36. 

Penicillin 51 49.01 1.91 NS (p. (0.250) 

Ampicillin 48 27.08 1.59 NS (p (0.250) 
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Sulphanomide 15 53.33 1.68 83 (p (6.250) 

Tetracycline 86 41,86 0.43 NS (p {0.750) 

Nitrofurantoin 8 50.00 0.36 NS (p (0.750) 

Se3-2 DR. (D15 & 21) AND GH. (8 & 9) CONTINUOUS SURVEY (1977). 

Ampicillin was the most commonly used antibiotic, but to a 

lesser extént co-trimaxazole was used, which together accounted for more 

than half the total antibiotics administered, The nasal carriage rate 

of penicillin resistant staphylococci jin patients who received antibio- 

tics ( 15.58% ) was the same as patients who did not receive antibiotics 

(15.92% ). The effect of the administration of individual antibiotics 

is shown in Table 22, and the related histogram is illustarted in Fig.20. 

Table 22 Nasal Carriage in relation to Type of Antibiotic. 

ee 
Antibiotic No.in group Carriage rate Xx Significance 

None 314 ise iP 

Penicillin 6 0.00 1.22 NS (p (0.500) 

Ampicillin 101 13.86 0.25 NS (p (0-750) 

Amoxycillin 6 16.67 0.002 NS (p (0.975) 

Gloxacillin 4 25.00 0.21 NS (p (0.750) 

Flucloxacillin 7 28.57 0.87 NS (p. 0.900) 

Tetracycline 8 12.50 0.08 NS (p (0.900) 

Co-trimoxazole 26 1.4 0.31 NS (p {0.750) 

Sulphadimidine 7 28.57 0.88 NS (p (0.500) 

Erythromycin e 0.00 0.36 NS (p (0.750) 

Lincomycin 1 0.00 0.25 NS (p 0.750) 

Nitrofurantoin oe 33.33 0.66 NS (p (0.500) 
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Metronidazole 16 12.50 0.55 NS (p (0. 500) 

Cephaloridine 3 33.33 0.66 NS (p K0.500) 

Cephalexin 7 28.57 0.88 NS (p (0.500) 

Cephazolin n 9.09 0.43 NS (p (0.750) 

Chloramphenicol 5 20.00 0.06 NS (p (0.900) 

Gentamicin 4 25.00 0.21 NS (p 0.750) 

Neonycin 4 21.42 0.35 NS (p (0.750) 

The statistical significance of each agent was tested against the non- 

antibiotic group for the difference in carriage rate. The difference was 

not significant for patients treated, with all antibiotics. Other anti- 

biotics such as fusidic acid and streptomycin were not included, as their 

use was too infrequent. 

5-4 LENGTH OF STAY IN HOSPITAL AND SEX_OF PATIENT 

The length of stay in hospital of patients was considered for 

the analysis to be the number of days spent in hospital the day the 

nose swab was taken. The analysis was carried ke for the two continuous 

surveys. 

5-A+-1 DUDLEY ROAD (B4) CONTINUOUS SURVEY (1968/69) 

The length of stay was divided into 6 groups varying in size 

from 3-4 days to over 30 days, Varying time intervals were taken for the 

first 10 days, and then 10 days interval was taken to give the reasonable 

group sizes for analysis. Patients with 1<2 days of stay in hospital are 

not included, because of the small and variable numbers, The analysis 

Was carried out for four types of staphylococci. 
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ie Resistant strains 

Table 23 gives the nasal carriage rate of tetracycline-resist- 

ant staphylococci in relation to length of stay in hospital. From the 

table it is evident that the maximum rate of carriage was reached after 

30 days. 

Table 23 Length of Stay and Nasal Carriage Rate. 

Days in No. in group Nasal carriage rate (%) 
hospital 

34 60 3.33 

5-6 AL 2.43 

7-10 165 5.45 

11-20 175 8.57 

21-30 oye 8.10 

31& over 28 . 21.42 

Total 506 ‘ 7.11 

A linear relation between carriage rate and length of stay fits 

the data, with a correlation coefficient of 0.916. The best fit is given 

by the equation: YN = 0.3 +0.511L, where YN is the nasal carriage 

rate and L is the length of stay, Table 24 shows the relationship bet- 

ween nasal carriage rate and length of stay for male and female patients, 
e 

Both groups had a maximum carraige rate at over 30 days, The linear eq- 

uation for female patients was: 

YN = 0.54 + 0.19 L 

with a correlation coefficient of 0.592. The linear equation foe male 

patients was: YN = 1.41 + 0.7 L 

For all patients, the male and female linear carriage rates are represen- 

90—



ted in Fig. 21. This figure shows that the carriage rate for males was 

higher than for females for all lengths of stay. 

Table 24 Length of Stay, Sex and Nasal Carriage Rate. 

Days in Female Male 

hospital Nunber % Nunber % 

3x4 35 2.86 25 4,00 

56 15 0.00 26 3.84 

7-10 65 4.62 100 6.00 

11-20 105 2.86 70 17.14 

21-30 19 0.00 18 16.66 

31& over 9 11.11 19 20691 

Total 248 3.22 258 10.85 

iis Penicillin-resistant strains 

Table 25 gives the nasal carriage rate of penicillin resistant 

staphylococci for all patients in relation to length of stay in hospital, 

From the table it is evident that the maximum carriage rate was reached 

after 30 days. 

Table 25 Length of Stay and Nasal Carriage Rate. 

“Days in No. in group Nasal carriage rate 
hospital 

3-4 60 20,00 

56 41 24.39 

7-10 165 21.21 

11-20 175 26.28 

21-30 Br 29.72 

31& over 28 42 85 

Total 506 24.90 
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A linear relationship between carriage rate and length of stay fits the 

deta, with a correlation coefficient of 0.949, The best fit is given by 

the equation: YN = 16.5 + 0,68 L 

Table 26 shows the relationship between nasal carriage rate and length 

of stay for males and females. Both groups had a maximum carriage rate 

at over 30 days, The linear equation for female patients was: 

YN = 16.79 + 0.4 L 

with correlation coefficient of 0.793. The linear equation for male pat- 

jents wast YN = 19.08 + 0.63 L 

with a correlation coefficient of 0.850. 

For all patients, the female and male linear carriage rate are represent- 

ed in Fig. 22, 

Table 26 Length of Stay, Sex and Nasal Carriage Rate. 

ais i Number Pg hone % 

34 oo 17.14 25 24 00 

5-6 15 33.33 26 19.23 

7=10 65 21.54 100 21.00 

11-20 105 24.76 70 28.57 

21-30 19 31.58 18 27.27 

31& over 9 33633 19 47 36 

Total ~248 24.19 258 25.58 

Fig, 22 shows that the carriage rate for males was higher than that for 

females for all length of stay. 
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iii- Sensitive strains 

Table 27 gives the nasal carriage rate of sensitive staphyloco- 

eci of all patients in relation to length of stay in hospital. From the 

table it is evident that the maximum rate of carriage was reached by over 

30 days. 

Table 27 Length of Stay and Nasal Carriage Rate. 

Days in hospital No. in group Nasal carriage rate 

324 60 16.66 

5-6 Al 12.19 

7-10 165 16.36 

11-20 175 11.42 

21-30 37 16.21 

314 over 28 17.85 

Total 506 14.42 

A linear relationship between carriage rate and length of stay fits the 

data, with a correlation coefficient of 0.756. The best fit is giving by 

the equation: YN = 11.70 + 0.17 L 

Table 28 shows the relationship between nasal carriage rate and 

length of stay for male and female patients. A quadratic of type 

“YN=A-eBL+C sie was the best fit for the female patients , where 

YN is the nasal carriage rate , L is the length of stay and A , B and 

C are constants . The equation for female patients is: 

2 
YN = 19.3 - 0.74 L + 0.02 L” , SSD = 103,32 

Which absorbs about 45 percent of the variance about the mean. 
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The linear equation for male patients was: 

YN = 6.3 + 0,39L 

with correlation coefficient of 0.711 . 

For patient , the female and male patients linear carriage 

rates are represented in Fig. 23. This shows that carriage rate for 

male was lower than that for females for the first 18 days , and car- 

riage rate for males is higher than that for females for after 30 days. 

Table. 28 Length of Stay , Sex and Nasal Carriage Rate 

Days in Female Male 

hospital Number % Number % 

324 35 22.86 25 8.00 

5-6 15 13.33 26 11.53 

7-10 65 18.46 100 15.00 

11-20 105 13.33 70 8.50 

21-30 19 10.53 18 22,22 

over 30 9 22.22 19 15.78 

Total 248 16,12 : 258 12.79 

iv- All strains 

Table 29 gives the nasal carriage rate of all staphylococci 

of all patients in relation to length of stay in hospital. From the 

table it is evident that the maximum rate of carriage was reached by 

over 30 days , a linear relationship between carriage rate and length 
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of stay fits the data , with a correlation coefficient of 0.915. The 

best fit is given by the equation: YN = 28.31 + 0.84 L 

Table 29 Length of Stay and Nasal Carriage Rate 

Days in hospital No. in group Nasal carriage rate 

3-4 60 - 36.66 

56 4 36.58 

7-10 165 37.77 

11-20 L735 37.71 

21-30 37 45.94 
over 30 , 28 60.71 

Total 506 39.32 

Table 30 shows the relationship between nasal carriage rate 

and length of stay for male and female patients, Both groups had a 

maximum carriage rate after 30 days . The linear equation for female 

patients was: YN = 32.5 + 0.98 L 

with a correlation coefficient of 0.683, The linear equation for male 

patients was: YN = 25.4 + 1.02 L 

with a correlation coefficient of 0.860. For all patients » the female 

and male patients linear carriage rates are represented in Fig. 24. 

This shows that the carriage rate for males was lower before 15 days of 

stay , then higher than that for females for greater length of stays. 
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Table 30 Length of Stay , Sex and Nasal Carriage Rate. 

Days in : Female Male 

hospital Number % Number % 

34 35 40.00 25 32.00 

5-6 15 46.66 26 30.76 

7-10 65 40.00 100 36.00 

11-20 105 38.09 70 37.14 

21-30 19 42,10 18 50.00 

over 30 9 55.55 19 63.15 

Total 248 40.32 258 38.37 

5-2 D.R.(D15 & 21) AND G.H.(8 & 9) CONTINUOUS SURVEY (1 

The length of stay was divided into 4 groups from 5 = 10 to 

20 = 25 days , 5 days of interval taken to give a reasonable group size 

for analysis. The under 5 days length of stay group is not included , © 

because of the small and variable numbers. Table 31 gives the nasal 

carriage rate of all patients in relation to length of stay in hospi- 

tal. From the table it is evident that the maximum rate of carriage 

was reached by 25 days , a linear relationship between carriage rate 

and length of stay fits the data , with a correlation coefficient of 

0.316 . The best fit is given by the equation YN = 12.73 +0.209L, 

where YN is the nasal carriage rate and L is the lenght of stay. 

Table 32 shows the relationship between nasal carriage rate 

and length of stay for male and female patients. The female patients 
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had a maximum carriage rate beyond 25 days . The linear equation for 

female patients was : YN = 9.99 + 0.295 L 

with a correlation coefficient of 0.934 . The linear equation for male 

patients was YN = 13.88 + 0.2 L 

with a correlation coefficient of 0.815. All patients , the female and 

male linear carriage rates are represented in Fig. 25. This shows that 

the carriage rate for males was higher than that for females for all 

length of stay. 

Table 31. Length of Stay and Nasal Carriage Rate 

Days in hospital No. in group Nasal carriage rate 

5-10 184 14,13 

11-15 26 7.69 

16-20 18 22.22 

21-25 24 16.67 

Total 252 14,28 

Table 32, Length of Stay , Sex and Nasal Carriage Rate 

Days in Female Male 
hospital Number % Number % 

5-10 102 12.75 82 15.85 

11-15 7. 14,29 19 5626 

16-20 7. 14.29 un 27.27 

21-25 12 16.67 2 16.67 

Total 128 14.84 4 16.93 
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5-5 OTHER FACTORS RELATED TO NASAL CARRIAGE 

The plan of ward B4 during the Dudley Road (B4) continuous 

survey (1968 / 69) is shown in Chapter 3, Fig. 1. Out of 533 pat- 

ients , 400 patients were in the open ward and the corresponding tot- 

al carriage rate was 7.50%. The open ward has been divided into 

two parts, The lower nasal carraige rate was found in the half nea- 

rest to the ward ( 5.88 % ) in comparison to the half nearest the sl- 

uice ( 9.49 % ), as shown in Table 34, this difference is not statis- 

tically significant ( x° = 1.78, 1 D.F., p 0.250 ). 

Table 34 Nasal Carriage Rate in Two Parts of The Open Ward, 

Part near to sluice Part near to entrance Total 

Colonized 17 1s 30 

Not-colonized 162 208 370 

Carriage rate (%) 9.49 5.88 7-50 

The implication is that the patient requiring minimum sup- 

ervision and ready for discharge will tend to be moved to the end of 

the ward ( near to sluice ), The patients are , therefore » likely 

to have been in longer than the patients at the other end of the ward, 

They are,therefore, more likely to have become colonized, The patients 

were further classified according to sex. Table 35 shows the nasal 

Carriage rate in the open ward is higher in males ( 14.81 % ) than in 
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females ( 3.12 % ), and the difference is statistically significant ( 

x = 8.81 , 1D.F., P {0.005 ). 

Table 35 The Nasal Carriage Rate According to Sex in The Open Ward. 

    

Male Female 
Colonized 24 Colonized 6 

Not-colonized 192 " Not-colonized 178 

Carriage rate 11.11 Carriage rate 3,26 
(#) (%) 
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CHAPTER 6 

COMPARISON OF CROSS-SECTIONAL AND CONTINUOUS SURVEYS ON THE SGINIFICANCE 

OF PATIENT PARAMETERS 

6-1 INTRODUCTION 

The similarities of patient parameters between continuous and 

eross-sectional surveys were examined in Chapter 2, In continuous sur- 

veys, the ward and hospital practices remain constant and there can be 

no question of interactions between different practices, but in cross- 

sectional surveys where a large quantity of data is required in a short 

time, there are obviously questions about interactions to be asked, If 

the patient parameters are independent of ward parameters, then cross- 

sectional surveys are preferable. 

The significance of patient parameters such as age and length of 

stay in hospital between continuous (Dudley Road, B4) and Birmingham Reg- 

ional (cross-sectional, (49)) surveys is compared in this chapter. Curve 

fitting techniques are used. This comparison is also investigated between 

Dudley Road (B4) continuous and D.R.(D15 & 21) & G.H.(8 & 9) continuous 

surveys in a different decade. The latter continuous survey was carried 

out in 1977 , some ten years after the first two survyes. 

6-2 AGE AND WOUND INFECTION RATE 

The relationship between age and post-operative wound infection 

rate can best be represented by quadratic equation of the form 
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YI=A-BX+C x » Where YI is the infection rate , X is the age and 

A,B, and C are constants. 

ntinilous (Dudley Road (B+)) survey carried out in 1968 , the quadratic 

equation is YI = 15.27 = 0.527 X + 0,01 Xe » SSD = 167.85 , which abse 

orbs about 82 percent variance about the mean , and has a minimum inf- 

ection rate at 26 years . 

Table 36 Age and Wound Infection Rate for Dudley Road (BY) continuous 

Age No. in group 

11-20 22 

21-30 33 

31-40 39 

41-50 4 

51-60 61 

61-70 30 

Over 70 25 

Total 284 

For the data in the Table 36 from the co- 

Infection rate 

9-09 

6.06 

17.9% 

7.81 

11.47 

30.00 

32.00 

14.08 

Survey 

In comparison, the data in Table 37, from the Birmingham Regional survey 

(Cross-sectional , Goonatilake,(49)), carried out between 1969 and 1972, 

the quadratic equation is; 

YI = 15.35 = 0.34 X + 0.0065 x°., SSD = 0.5 

which absorbs about 99 per cent of variance about the mean and has a min- 

imum infection rate at 26 years. These two fitted curves are shown in 

Fig, 26 and there is an interesting similarity between these two curves. 

The infection rate for age under 50 years is slightly lower in the contin- 
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Table 37 Age and Wound Infection Rate for Birmingham Regional Survey. 
  

Age No. in group Infection rate 

1-10 177 13.6 

11-20 24 12.0 

21-30 310 12.3 

31-40 316 4 

41-50 458 13.1 

51-60 551 Nee 

61-70 614 21.2 

Total 2660 15.1 

uous survey, but this could be caused by the difference in patient numb- 

ers between the two surveys, The total infection rate in the two surveys 

are very close together. 

In the other D.R.(D15 & 21) & G.H.(8 & 9) continuous survey 

(1977) carried out in the next decade, the number of patients was so small 

in the early age groups that the analysis is done for age above 50 years 

(Table 38). The quadratic equation is: 

YI = 108,39 - 2.56 X + 0.019 x, SSD = 0,00 

which absorbs 100 per cent of variance about the mean and has @ minimun 

infection rate at 67 years, This curve is also shown in Fig. 26. 

Table 38 Age and Wound Infection Rate for D.R.(D15&21) & G.H.(8&9) Continuous 

Age 2 No. in group Infection rate Survey. 

51-60 24 25.00 

61-70 45 2e.ee 

Over 70 43 23.25 

Total 112 23.21 
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6-3 AGE AND NASAL CARRIAGE RATE 

The association between nasal carriage rate and age of patient 

is compared for the two continuous and the cross-sectional surveys, 

6-3-1 DUDLEY ROAD (B4) CONTINUOUS (1968/69) AND BIRMINGHAM REGIONAL SURVEYS 

The nasal carriage rate of tetracycline resistant staphylococci 

for different patient age groups of the two surveys are shown in Table 39. 

Table 39 Age and Nasal Carriage Rate. 

Dudley Road(B4) Continuous survey Birminghan Regional survey 

Age No.in group Carriage a No.in group Carriage o 

1-10 -_ =~ 766 6.1 

11-20 34 8.82 717 45 

21-30 56 5.35 1340 562 

31-40 69 4 34 991 4.6 

41-50 107 5.60 1200 6.3 

51-60 113 9.73 1622 9.6 

61-70 74 7.89 1890 10.9 

Over 70 4 10.93 — _ 

Total 517 7H 8526 74 

The relationship between age and nasal carriage rate can best 

be represented by a quadratic equation of the form YN=A-=-BX+C x ; 

where YN is the carriage rate, X is the age and A, B and C are constants. 

The quadratic equation for the Dudley Road (B4) continuous survey data is: 

YN = 11,42 = 0,30 X + 0.004 x° , SSD = 12.89 

which absorbs about 77 per cent of the variance about the mean, and has a 

minimum carriage rate at 38 years. The quadratic equation for the data 

of the Birmingham Regional survey is: 
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YN = 6,718 - 0.179 X + 0.0038 x , SSD = 2.08 

which absorbs about 95 per cent of the variance about the mean, and has 

a minimum carriage rate at 23.5 years. The two fitted curves are shown 

in Fig. 27 in which there is a high degree of similarity between the two 

curves. 

6-3-2 DUDLEY ROAD (B+) CONTINUOUS (1968/69) AND D.R.(D15&21)% G.H.(869) 

CONTINUOUS (1977) SURVEYS 

The nasal carriage rate of penicillin resistant staphylococci 

for different age groups of two surveys are shown in Table 40, 

Table 40 Age and Nasal Carriage Rate. 

  

Dudley Road(B4) continuous survey D.R.(D15&21)& G.H.(8&9) contin 

uous survey 

Age No.in group Carriage rate Ko.in group Carriage rate 

(2) (2) 
11-20 HH 32.35 50 18.00 

21-30 56 28.57 Ay 20.45 

_ 3140 69 27.53 4o 5.00 

41-50 107 21.49 53 18.86 

51-60 113 25.66 & 17.85 

61-70 7 18.91 125 13.60 

Over 70 64 25.00 163 14.72 

Total 517 24.75 5A 15.38 

The quadratic equation for the data of the Dudley Road (B+) continuous survey 

ist YN = 40,56 = 0.59 X +.0.0049 x° , SSD = 33,104 

which absorbs about 82 per cent of the variance about the mean, and has a 

minimum carriage rate at 60 years. The quadratic equation for the data of 

the D.R.(D15821)& G.H.(8&9) continuous survey is: 

YN = 21 - 0.248 X + 0,002 x°, SSD = 153.37 
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which absorbs about 31 per cent of the variance about the mean and has a 

minimum carriage rate at 62 years, These two similar curves are shown in 

Fig. 28. 

6-4 LENGTH OF STAY IN HOSPITAL AND NASAL CARRIAGE RATE 

The relationship between the length of stay in hospital and nasal 

carriage rate can best be represented by a linear equation in the form of 

YN = A+BL, where YN is the nasal carriage rate, L is the length of stay 

and A & B are constants, The association between the nasal carriage rate 

and length of stay in hospital is compared between two continuous and a 

cross-sectional surveys. 

6-4-1 DUDLEY ROAD (B4) CONTINUOUS (1968/69) AND BIRMINGHAM REGIONAL SURVEYS 

Table 41, gives the classification of the nasal carriage rate 

for tetracycline resistant staphylococci for patients in two surveys into 

categories depending on their length of stay in hospital. 

Table 41 Length of Stay and Nasal Carriage Rate. 

Dudley Road(B4) continuous Birmingham Regional 

survey survey 
Days in 5 
hospital No.in group % No.in group % 

34 60 3.33 1517 4.0 

5-6 4 2.43 1206 4.7 

7-10 165 545 1800 6.4 

11-20 175 8.57 2180 10.5 

21-30 aw 8.10 916 15.0 

Over 30 28 21.42 HE 20.0 

Total 506 Tell 
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The linear equation of best fit for the data from the Dudley Road (BY) 

continuous survey is: YN = 0.3 + 0.51 L 

with a correlation coefficient of 0.916, The regression equation for the 

data from Birmingham Regional survey (cross-sectional) is: 

YN = 2.52 + 0,507 L 

with a correlation coefficient of 0.998. The nasal carriage rates for th- 

ese two surveys are represented graphically in Fig. 29, 

6-4-2 DUDLEY ROAD (B4) CONTINUOUS (1968/69) AND D.R.(D15&21)& G.H.(8&9) 

CONTINUOUS _(1977)) SURVEYS 

Table 42 and 43, gives the classification of the nasal carriage 

rate for penicillin resistant staphylococci of patients in two surveys, in 

categories depending on the length of stay in hospital. The linear equat- 

ion of best fit for the data from the Dudley Road (B4) continuous survey 

iss YN = 16.5 + 0.68 L 

with a correlation coefficient of 0.949, The regression equation for the 

data from the D,R.(D15&21)& G.H.(8&9) continuous survey iss 

YN = 12,73 + 0.209 L 

with a correlation coefficient of 0,316, The nasal carriage rates of two 

surveys are represented graphically in Fig. 30. 

Table 42 Length of Stay and Nasal Carriage Rate. 

D.R.(D15&21)& G.H.(8&9) continuous survey 

Days in hospital No. in group Carriage rate (%) 

14 297 15.49 

5-9 184 14.13 

10-14 26 7.69 

15-19 18 Chace 
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Days in hospital No.in group Carriage rate (%) 

20=24 24 16.67 

Total 54 14,80 

Table 43 Length of stay and Nasal Carriage Rate. 

Dudley Road (B4) continuous survey 

Days in hospital No.in group Carriage rate (%) 

1-2 27 14.81 

3x4 60 20.00 
56 4a 244.39 

7-10 165 2i.2l 

11-20 175 26.28 

21-30 37 29.72 

Over 31 28 42.85 

Total 533 24 39
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PART II 
  

MULTIPLE REGRESSION MODEL 
 



CHAPTER 7 

MULTIPLE REGRESSION ANALYSIS 

7-1 INTRODUCTION 

The significance of patient parameters to nasal carriage of 

multiple-resistant strains of Staph.aureus on Dudley Road (B4) contin- 

uous survey is evident from the primary analysis carried out in Part I, 

but this analysis does not give the relative significance of each ind- 

ividual patient parameter. However, multiple regression analysis can 

be used for determining the relationship between any number of indepen- 

dent variables. To reduce bias due to correlations between parameters, 

a correlation matrix may be introduced, 

The multiple regression analysis was applied to the Dudley 

Road ( B4 ) continuous survey, and in the data, the carriage rates are 

defined as categorical (non-metric) variables, having one of two values, 

the value 1 when the patient is a carrier and the value 0 when the pat- 

ient is a non-carrier. Although, multiple regression is ideally suited 

for canonical (metric) type of variables, to transfer this categorical 

dependent variable to a canonical variable, patients were categorized 

into groups containing combinations of patient parameters. The carriage 

rates were calculated for individual groups and the number of patients 

in each group was used as weighting factor in the regression analysis, 

this should counteract any bias arising from unrepresentative data der- 

ived from small sample sizes, 
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7-2 MULTIPLE REGRESSION APPLIED TO NASAL CARRIAGE 

The primary analysis on Dudley Road (B+) continuous survey 

data indicated that age, sex, length of stay in hospital and exposure 

to antibiotics, are associated with the nasal carriage of multiple- 

resistant strains of Staph.aureus. The multiple regression analysis 

was now applied to the Dudley Road (B4)continuous survey, considering 

only the latter four parameters. Since, age and length of stay are 

linear variables, age was classified into 7 groups and each of these 

groups was classified into 6 length of stay groups, making a total of 

42 groups, and these groups were further classifed into sex and antibio- 

tic groups, making a final total of 168 groups for analysis. The car- 

riage 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 derived from 

Small sample sizes, The multiple regression model can be stated in the 

following form: 

YWWeat biXy+ boXot bXat bX, 

in which X,is age and X,- length of stay, both of which are linear var- 

jiables. The variable % was assigned the value 1 for male sex and 0 

for female sex; and the variable Xy assigned the value 1 for patients 

treated with antibiotics and the value 0 for other patients. The cons- 

tant 'a' as the hypothetical value of YN when patient parameters are 
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equal to zero, may account for the significance of other parameters on 

nasal carriage (e.g. ward parameters). The correlation matrix is shown 

in Table 44, and it shown no correlation between the four patient para- 

meters, The results of the multiple regression analysis is shown in 

Table 45, All the regression coefficients except the coefficient for 

Sex are Statistically significant as the 't' statistics are greater than 

1.96. The multiple correlation of 0,656 is not very high; suggesting a 

sample size effect due to the small number of patients in each group. 

Table 44 Correlation Matrix - Nasal Carriage. 

Age Days Sex Antibiotic 

Age 1.00 0.00 0.00 0.00 

Days 0.00 1.00 0.00 0.00 

Sex 0.00 0.00 1.00 0.00 

Antibiotic 0.00 0.00 0.00 1.00 

Carriage Rate 0.13 0.10 0.02 -0.14 

Table 45 Multiple Regression Analysis on Nasal Carriage I 

Variable Regression tue Partial 

Name Coefficient Statistic Correlation 

Constant 3.258 

Age 0.024 3.24 0.12 

Days 0.125 1.98 0.10 

Sex : 0.142 0.07 0.02 

Antibiotics -1.047 3.77 -0.14 

Multiple Correlation = 0.656 

Models 

YN = 3.258 + 0.024 X Age + 0.125 X Days + 0,142 X Sex - 1.047 X Antibiotics. 
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From the regression model, it is evident that the length of stay generally 

of Carriage 
contributes a higher risk of nasal of multiple resistant Staph.aureus than 

age. But for ages over 5 years, age is as important as length of stay. 

Since the primary analysis in Part I, indicated that the age curves are 

quadratic, then the age-term and the age-square term are applied jointly 

with nasal carriage in this analysis. Hence, by introducing this age- 

square term to the regression model, the multiple correlation was sli- 

ghtly increased (0.666). As before, the regression coefficients except 

the coefficient for sex, are statistically significant. The result of 

the multiple regression is shown in Table 46, 

Table 46 Multiple Regression Analysis on Nasal Carriage II. 

Variable Regression to? Partial 

Name Coefficient Statistic Correlation 

Constant 1.655 

Age 0.169 9.69 0,12 

Age-square -0.001 8.25 -0.05 

Days 0.125 1.69 0.10 

Sex 0.119 0.05 0,02 

Antibiotics 1.261 6.03 -0.18 

Multiple Correlation = 0.666 

Models 

YN = 1.655 + 0.169 X Age - 0.001 X Age” + 0.125 X Days + 

0,119 X Sex - 1.261 X Antibiotics, 
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From the regression model, when the constant, age and age- 

square terms are taken together, nasal carriage increases until 80 

years of age, and does not follow exactly the same quadratic function 

as in the primary analysis of Part I. Treatment with antibiotics sh- 

ows no effect on nasal carriage in the regression model but that again 

does not follow the results of the primary analysis of Part I. Also, 

the multiple correlation of 0.666 is not high enough to confirm a high 

degree of fit. The implication from all this is that the number of 

patients ( 530 ) arranged in 168 groups is too small for a multiple 

regression analysis, and consequently patients are scattered irregu- 

larly in the groups, 

7-3 GRAPHICAL REPRESENTATION OF THS REGRESSION MODEL 

The regression model of: 

YN = 1,655 + 0.169 X Age - 0.001 X Age” + 0.125 X Days + 

0.119 X Sex - 1.261 X Antibiotics. 

can be represented graphically in a three dimensional system, A three 

dimensional surface can be generated from the age and length of stay 

components of the regression analysis - the nasal carriage rate. The 

X-axis represents nasal carriage ( Fig. 31 ). 0m the age plane, a qua+ 

dratic function represents the age effect, and on the length of stay 

Plane, a linear function represents the length of Stay effect, The 

-122-



intercept of the age surface on the nasal carriage rate axis ( Y-axis ) 

represents the constant in the regression, The other two categorical 

( non- metric ) variables, sex and antibiotics have been taken as 0 in 

the surface, Fig. 32 shows the modified graphical model taking accou- 

nt of sex and antibiotics. In the presence two of these other para- 

meters the surface would be moved upwards or downwards. This also cha- 

nges the value of the constant by the coefficient of these variables. 

The result is four surfaces for the four combinations of sex and ant- 

ibiotics ( male antibiotic, male no-antibiotic, female antibiotic, fe- 

male no-antibiotic ) and which are similar in nature but seperated by 

a constant from each other. 

7-4 APPLICATION OF REGRESSION MODEL AND COMPARISON WITH BRIMINGHAM 

REGIONAL SURVEY 

The multiple regression analysis has been applied to the pat- 

ient parameters related to nasal carriage in this chapter and the model 

can be used to determine the relative significance of patient parameters 

on nasal carriage. For example, if a study was carried out to deter- 

mine the significance of two particular age groups on nasal carriage, 

the model must first be used to find the expected carriage rates in 

these two age groups. Using the patient characteristics such as age, 

Sex, length of stay and antibiotic treatment, the expected carriage 
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rate for individual patients would be determined, The expected carri- 

age rate for a particular age group is calculated by summing the expec- 

ted carriage rates of all patients in the group and then dividing this 

total by the number of patients. Using the observed and expected car- 

riage rates in these two particular age groups the significance of two 

age groups could be determined statistically for nasal carriage. Also, 

from this regression model, the significance of the ward parameters on 

nasal carriage can be compared for two wards using different ward 

practices, 

The similar regression model produced from the Birmingham 

Regional Survey ( 14, 49 ) on the basis of patient parameters for about 

12,000 patients in more than 500 wards is: 

YN = 0,642 - 0.0015 X Age + 0.0011 X Age” + 0.185 X Days + 

2.217 X Sex + 3.127 X Antibiotics. 

In comparison, the regression model derived from the Dudley Road (B+) 

continuous survey in this chapter: 

_ YN = 1.655 + 0.169 X Age = 0.001 X Age” + 0.125 X Days + 

e 
0:119 X Sex = 1.261 X Antibiotics. 

Considering age, the quadratic equation in the Birmingham Regional Sur- 

vey increased linearly, and in the case of the Dudley Road (B4) contin- 

uoussurvey the quadratic equation has a linear function until about 85 

years of age, The difference between the two regression models is in 
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exposure to antibiotics; in Dudley Road (B4) continuous survey, it 

appears that the patients treated with antibiotics have a lower risk 

of becoming a nasal carrier, Although, the multiple regression ana- 

lysis of the Dudley Road (B4) continuous survey is biased by the 

small patient numbers, the difference appears to be true. For the 

other patient parameters, the regression models from continuous and 

cross-sectional surveys follow the same trend, and the difference in 

the constant is because the variety of ward practices in the Birming- 

han Regional Survey ( 14, 49 ) has become smaller. 
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CHAPTER 8 

DISCUSSION 

8-1 DISCUSSION ON THE IMPLICATIONS OF THE PRIMARY ANALYSIS IN PART I 

8-1-1 PATIENT PARAMETERS AND WOUND INFECTION 

The significance of age on wound infection was confirmed in 

this study, supporting work carried out by others ( 49, 24, 25, 14, 71). 

The quadratic equation of the form YI = A - BX + ox? fits very well the 

data of Dudley Road (B4) continuous survey. Using this equation, it is 

possible to estimate the infection rate at any age. The constants B & 

C relate to age, but the constant ‘A' could be considered as a measure 

. of factors other than patient parameters (e.g.ward parameters) , and in 

this case, the constant 'A’ would vary from hospital to hospital, as 

ward and other parameters differ, The quadratic equation for age and 

wound infection rate was confirmed by the N.R.C. (24) survey, Ayliffe 

et.al. (14), and Goonatilake (49) in their cross-sectional surveys, and 

a Similar quadratic equation was also found to fit closely above 50 years 

age for the D.R. (D15 & 21) and G.H. (8 & 9) continuous survey data 

with a high constant 'A'. However, the number of infected patients in 

age groups under 50 years was So Small that the analysis has only been 

carried out for patients above 50 years of age. 

In the literature cited, there is no significant difference 

between males & females in their influence on the wound infection rate 

(21, 25, 35, 24, 27, 34) and this is true for the two continuous surveys 
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in this study. The quadratic equation was in the form of + 

YI=A+ BX - ox® for male patients ( thus inverting the curve ) in 

D.R.(D15 & 21) and G.H.(8 & 9) continuous survey, this could be due 

to the small number of patients. 

8-1-2 NASAL CARRIAGE AND WOUND INFECTION 

The significance of nasal carriage on poSt-operative wound 

infection rate as reported by others (6, 30, 31, 8, 70) was confirmed 

in this study. Also, patients that were colonized after operation 

showed a Significant difference when compared with patients that were 

colonized before operation, that could be due to association of nasal 

carriage and length of stay or due to spread from wound to nose. 

8-1-3 PATIENT PARAMETERS AND NASAL CARRIAGE 

The quadratic equation for age and nasal carriage rate in the 

form of YN =A = BX + ax? fitted the data for the two continuous surveys 

( D.R.(B4) and D.R.(D15421) & G.H.(8&9)) i.e., the same form of equation 

for age and wound infection rate which reflects the closeness of the two 

relationships. In Dudley Road (BY) continuous survey, the analysis has 

been carried out for four antibiotic sensitivity patterns of staphyloco- 

ccus strains in order to examine the effect of each type on naSal car-= 

Tiage rate, The minimum carriage rate for resistant and all strains as 

was expected, because the very young and the elderly are more suscepti- 
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ble to nasal colonization with antibiotic resistant Staph.aureus ( 49 ), 

while as Harris (4) found the great majority of nasal strains in the 

casualty patients were fully sensitive or penicillin-resistant only st- 

rains, also, in D.R.(D15& 21) & G.H.(8 & 9) continuous survey the mini- 

mum carriage rate for penicillin-resistant strains (62 years) was high. 

The minimum carriage rate for sensitive strains in Dudley Road (B4) con- 

tinuous survey was at 38 years, that is Somewhat unexpected. The rela- 

tionship between sex and nasal carriage rate was significant only for 

resistant strains of staphylococci in Dudley Road (B+) continuous survey 

and for penicillin-resistant strains of staphylococci in D.R.(D15 & 21) 

& G.H.(8 & 9) continuous surveys. 

In the Dudley Road (B4) continuous survey, a significant incrése 

in nasal carriage rate was observed in the group of patients who received 

antibiotics, The nasal carriage rate of patients who received antibiotics 

was similar to patients who did not receive antibiotics in D.R.(D15&21) & 

G.H.(8&9) continuous survey, that was carried out almost on decade after 

the first. Perhaps, this difference is because of a change in the nature 

of staphylococi, a reduction in cross-infection, and the introduction of 

new antibiotics over the decade, The nasal carriage rate is higher for 

male patients but is only significant for multiple-resistant strains of 

staphylococci in the Dudley Road (B4) continuous survey. 

The linear increase in carriage rate was clearly evident in all 
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studies reporting the association between nasal carriage and length of 

stay in hospital ( 25, 31, 48, 4, 47, 15 ). As the majority of these 

studies showed the highest carriage rates for any type of staphylococci 

was observed around the fifth or sixth week of stay in hospital. As an 

wncraéases 

explanation, the exposure to the micro-organisms with increasing the 

length of stay in hospital. A linear regression equation fitted closely 

most of the observed carriage rates in both continuous surveys. The male 

patients had a higher carriage rate in all categories under study, except 

that the nasal carriage rate for sensitive strains in male patients was 

lower than in female patients and for all strains of staphylococci in 

Dudley Road (B4) continuous survey. This perhaps was, because the nasal 

carriage rate was higher in the early age groups in female patients. 

The significance of sex on nasal carriage rate is Somewhat uncertain, 

however, lower carriage rate for female patients has been reported be- 

fore (24, 14, 49), There are some explanations, such as new-born males 

being more susceptible to staphylococci skin infections (45), higher 

Settle plate counts when a ward was occupied by male patients (17), and 

men Gisseminating more staphylococci than women (46). 

8-1-4 COMPARISON OF CONTINUOUS AND CROSS SECTIONAL SURVEYS 

In comparing the Dudley Road (B4) continuous survey having 533 

patients and Birmingham Regional Survey (cross-sectional) with 12,000 

sigi-



patients, the quadratic equation for the relationship between age and 

infection rate was of the type YI=A-BX+C x, and the constant 'A' 

was the same in both surveys. Furthermore, the point of minimum infec- 

tion rate (26 years) was the same, which reflects the closeness of the 

two relationship, The quadratic nature of the relationship between age 

and nasal carriage rate for tetracycline-resistant strains of staphyloco- 

eci followed the same trend in both surveys, The lower value of minimun 

carriage rate in the Birmingham Regional survey (14, 49) could be well 

explanied by the great number of very young patients in this survey, 

although there was no patient under 10 years on in the Dudley Road (B4) 

continuous survey. Considering length of stay, the linear regression 

equation fitted the data of both surveys closely and the highest carriage 

rate reached at 35 days in both, The linear increase of the nasal carria- 

ge rate>of tetracycline-resistant strains of staphylococci in the Dudley 

Road (B4) continuous survey was Similar to the Birmingham Regional survey 

(cross-sectional, 49, 14), but of smaller magnitude, this obviously is 

because of the difference in patient numbers, These similar results from 

either continuous and cross-sectional surveys on the association of pat- 

ient parameters on nasal carriage rate and infection rate has also been 

reported by others (30, 34, 38, 40, 14 , 49). 

8-1-5 COMPARISON OF TWO CONTINUOUS SURVEYS OF DIFFERENT DECADE 
  

When comparing the Dudley Road (B4) continuous survey in 1968/ 
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69 and D.R.(D15 & 21)& G.H.(8 & 9) continuous survey in 1977 with sim- 

jlar number of pateints, it was found that same quadratic equation for 

the relationship between age and infection rate held, The constant 'A' 

peing a measure of the parameters other than patient in the equation of 

the type YI = A - BX + we 4s higher in D.R.(D15&21)& G.H.(8&9)continuous 

survey , that is somewhat unexpected with the introduction of new dis- 

infectant, and detergents, and attempts to improve the ward environments 

almost any time ( 24, 17, 72, 73 ). AS expected, the number of patients 

in age groups under 50 years was So small that analysis has been carried 

out only in those above 50 years of age. The quadratic nature of the 

relationship between age and nasal carriage rate for penicillin resis- 

tant strains of staphylococci followed a similar trend in both Dudley 

Road (B4) continuous and D.R. ( D15 & 21 ) and G.H. (8 & 9) continuous 

surveys; the minimum carriage rate was similar. The nasal carriage rate 

was lower in D.R.( D15 & 21 ) and G.H.(8 & 9) continuous survey (1977) 

for all age groups. As reported by others ( 17, 18, 16 ), a change in 

the nature of staphylococci from multiple-resistant to penicillin-resis- 

tant or sensitive strains over the last decade was associated with a 

decrease in the nasal carriage rate. This is generally true, even for 

the relationship between length of stay in hospital and nasal carriage 

rate. Because the overall nasal carriage rate in D.R. (D15 & 21) and 

G.H. (8 &9) continuous survey was lower for all lengths of stay. 
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A further explanation for this is , as the results show in the latter 

survey, the majority of patients stayed in hospital for less than 10 days, 

showing that duration of hospitalisation had changed and higher carriage 

rates will not be observed consequently. 

8-2 DISCUSSION OF THE IMPLICATIONS OF THE MULTIPLE REGRESSION ANALYSIS, II 

The regression model can be used to measure the susceptibility 

of a patient or a patient population to nasal colonization; and nasal 

colonization can also be used as a measure of ward cross-infection. 

Three main results were achieved from the multiple regression analysis 

of the Dudley Road (B4) continuous survey. Firstly, the correlation ana- 

lysis on parameters related to nasal carriage confirmed no correlation 

between age, sex, length of stay in hospital and exposure to antibiotics, 

therefore, there is not any bias arising from the interactions between 

these parameters, Secondly, the relative significance of each parameter 

on the nasal carriage rates was established, The multiple regression 

coefficients for age, length of stay and exposure to antibiotics were 

statisticallysignificant. The regression coefficient for pax of patient 

was not statistically significant; as discussed before in this chapter, 

the significance of sex on nasal carriage rate is somewhat uncertain, 

although a higher carriage rate for male patients has been reported before 

(24, 14, 49), The regression model showed a lower carriage rate for 

Patients treated with antibiotics, but this may be biased due to the small 
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size of sample ( 530 ) especially as 168 groups were included the 

multiple regression analysis. For this reason , the multiple cor- 

relation of 0.666 was not very high. It is also probable that st- 

rains of staphylococci were not acquiring resistance to antibiotics 

used, The regression model can also be used to determine the relative 

significance of ward parameters by the introduction of the constant 

to the regression analysis. The constant in the continuous surveys 

relates to one single ward with specified ward practices and in con- 

paring, the constant in cross-sectional surveys will introduce a bias 

into observations due to the correlation between parameters of diff- 

erent wards in hospitals. 

In comparing the regression models of two surveys, Dudley Road 

(34) continuous and Birmingham Regional (cross-sectional, 14, 49), age, 

sex, and length of stay showed similar effects on nasal carriage except 

the regression coefficient for sex in Dudley Road (B+) continuous survey 

was not significant. In the case of antibiotics, in the Birmingham Re- 

gional survey, the contribution of exposure to antibiotics with the 

high risk of carriage is explained by high age and extreme length of 

Stay , as well as the emergence of tetracycline-resistant strains fo- 

llows the use of tetracycline (49). The difference in the size of 

Constant is due to the different ward and hospital practices in the 

Birmingham Regional survey (14, 49). 
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The graphical representation of the regression model is useful 

because it reflects the significance of both the patient and the ward 

parameters, The constant which relates to ward parameters is indepen- 

dent of any patient parameters and would change from ward to ward , is 

well represented graphically. The surface derived from the significance 

of age and length of stay being shifted up or down depending on the 

presence of sex and antibiotics on nasal carriage, represents the relative 

significance of patient parameters, 
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CHAPTER 9 
  

CONCLUSIONS 

The literature survey indicated the significance of certain 

parameters on wound infection and nasal carriage. The primary analysis 

of the data from the Dudley Road (B4) continuous and D.R.(D15& 21)& G.H. 

(8& 9) continuous surveys established that age, and nasal carriage is 

associated with wound infection. The association was not significant 

for sex. 

Considering nasal carriage of multiple-resistant Staph.aureus, 

patient parameters such as age, sex, length of stay and exposure to ant- 

ibiotics appeared to be significant in the Dudley Road (B4) continuous 

survey. The same factors were significant in the D.R.(D15 & 21) & G.H. 

(8 & 9) continuous survey, apart from exposure to antibiotics, but the 

relationship was with penicillin-resistant and not multiple-resistant 

strains. 

The correlation analysis on Dudley Road (B4) continuous survey 

confirmed that patient parameters are not correlated, there is not any 

bias arising from interactions of these parameters, The multiple reg- 

ression indicated that age and length of stay are both related to nasal 

carriage, but the regression coefficient for sex was not significant. 

Nasal acquisition was lower in patients who were treated with antibiotics, 
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The major objective of this study was to establish whether 

similarity existed between results of continuous and cross-sectional 

surveys. The curves derived from the patient parameters such as the 

age and length of stay in the Dudley Road (B4) continuous survey was 

similar to curve derived from the Birmingham Regional survey ( cross- 

sectional ,14, 49 ). Also, the regression model of these two surveys 

were similar, and the results of the Dudley Road (B4) continuous sur- 

vey and the Birmingham Regional survey ( cross-sectional ) follow each 

other closely. 

The lower carriage rate of multiple-resistant strains of 

Staph.aureus in the Dudley Road (BY) continuous survey, indicates that 
  

less cross-infection occured than in hospitals in the region as shown 

in the regional cross-sectional survey. This difference may well have 

been due to the small number of patients and the absence of overcrow- 

ding and the availability of islation cubicles. The most recent survey 

D.R.(D15 & 21) & G.H.(8 & 9) continuous survey was of particular int- 

erest. Tetracycline-resistant strains had almost disappeared in both 

hospitals, one of which was old large open wards (D.R., D15.& 21) and 

the other was a new hospital (G.H., 8&9). This is part of a general 

trend in many hospitals and could be related to a general reduction in 

the use of tetracycline ( Ayliffe, 74 ). The results also showed the 
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lack of a relationship between staghylococcal resistance and antibio- 

tic usage, which was apparent in the Birmingham Regional survey, It 

That the relakonskip 
is also of interest | of length of stay with penicillin-resistant only 

strains was still present indicating that patients were still acqui- 

ring staphylococci during their hospital stay. However, phage-typing 

showed little evidence of cross-infection with these strains. 

A cross-sectional survey is therefore a valid technique for 

measuring wound infection or staphylococcal cross-infection in a hos- 

pital. However, large samples are necessary and several surveys ae 

be required in a year, The cross-sectional survey may miss short 

outlines of infection and a continuous survey is preferable in an 

individual hospital. The cross-sectional survey is particularly 

suitable for obtaining data on a number of hospitals over a short 

time period and can be used to investigate the relevance of other 

factors which might be associated with infection. 

The multiple regression model developed from the Dudley 

Road (B4) continuous survey's data was useful in determining the sig- 

nificance of patient and environmental ( ward ) parameters on nasal 

carriage. These parameters vere well demonstrated by the graphical 

representation. Therefore, this confirmed that the continuous sur- 

veys mimic the cross-sectional surveys and demonstrate the useful- 

-139-



ness of multiple regression model in determining the significance of 

patient and environmental ( ward ) parameters on nasal carriage of 

staphylococci, 
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4. Wick. 5. Small_tube....._6,. More than one drain (of 
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26 Purulent, 3. Sinuses or fistulae, 
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