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The Aggregate View 

Hospital -acquired, or nosocomial, infections constitute an increasing 
cause of morbidity and mortality for patients admitted to U.S. hospitals. The 
best single review of the subject is given in the textbook Hospital Infecti_ons 
edited by Bennett and Brachman, the new second edition of which will be out 
this September(!). This problem is not only of increasing importance in 
itself but also because it is perhaps the best current illustration of a more 
global issue, Medicine's need for the Aggregate View. My thesis is that there 
is an entire set of everyday medical problems of which physicians are not 
fully aware - -a dimension that cannot be observed clinically in daily medical 
practice, but a dimension that nevertheless affects the outcome of every 
physician's therapeutic efforts and the wellbeing of his or her patients? 

Generally this thesis is given little credence, because if physicians are 
taught anything, they are taught to be astute observers, to pick up every 
sign, every clue, every subtle twist that might signal malady in a patient 
But notice the terminology used, in a patient --one patient . From 
Hippocrates through Osler to the great teachers of today, physicians have 
always been taught to focus on the one patient. The point is that there is 
a set of ·problems that we miss when we focus down on one. These are 
problems that can only be appreciated when we look at patients in the 
aggregate, that is, when we obtain, what I will call, the Aggregate View. 

Now, this other dimension of clinical medicine has always been there, and 
has always been largely overlooked, and even denied by many astute clinicians 
even today. On rare occasions, certain medical mavericks have tried to call 
direct attention to its existence and to convince the scientific medical 
collVllunity of the need to deal with it, but at best these wild -eyed gadflies 
have been tolerated and then forgotten, and on occasion they've been 
ostracized and even persecuted. More commonly, this subject is approached 
obliquely or touched on lightly, as an aside or an afterthought, in the course 
of a clinical discussion or a case presentation, where the speaker can beat ~ 
hasty retreat back to the individual patient if challenged too directly. 

More specifically, the aggregate view that allows us to observe this 
other dimension of clinical experience is the observation of the con-.non 
experience or outcomes of a group of patients to see what they have in co~non 
or to predict the probability of occurrence of some good or bad event. It is 
just the opposite of what we, as physicians, have been taught to do. It is 
learning to look beyond our one patient; it is when we learn to count to 
two and beyond - to think about problems revealed by the aggregate view. The 
need for the aggregate view has been intuitively apparent to clinical 
researchers for a long time, and within the limitations of the research tools 
available in the past, some important observations have been made. Four 
epidemiologic anecdotes will illustrate this thesis. 

The SEMMELWEIS story 

The earliest example is the Semmelweis story (£). Ignaz Se~nelwiess was 
a young assistant professor at the Royal Lying-In Hospital of Vienna in the 
late 1840s. When he first assumed his position as head of the obstetrical 
service, he was appalled by the high rate of maternal death in the hospital. 
In his first several months, nearly 1 or every 10 women died in the postpartum 
period of overwhelming puerperal sepsis, today known as streptococcal 
endometritis. In later years he recalled. 
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The hospital priest was wont to visit the sick in his vestments, 
attended and preceded by a sacristan ringing a bell, according to 
the Catholic rite, in order to administer the Holy Last Sacraments 
to them. An effort was made to see that there was only one such 
visit a day, but 24 hours are a long time for childbed fever, and 
many patients, who were indeed tolerably well during the visit of 
the priest and therefore did not receive the Last Sacraments, after 
the course of a few hours became so ill that the priest must again 
be summoned. One can imagine what an impression the ominous sound 
of the little bell, heard frequently during the day, made upon the 
young women in the wards. As for myself, it made me uneasy in 
spirit when I heard the little bell hurrying past my door; a sigh 
stole from my breast for the new victim, who fell before this 
unknown cause. This little bell was an agonizing reminder to 
reinvestigate this unknown cause with all zeal possible(~). 

2 

The distinguished faculty, though concerned with the high maternal 
mortality rates, had resigned themselves to the situation after ascribing the 
problem to such causes as the unavoidable overcrowding, poor ventilation, 
seasonal and c 1 imat ic factors, and other so-called "atmospheric - cosmic ­
telluric conditions," as well as certain maternal factors like ·a preponderance 
of unmarried mothers, the frequency of hard working mothers of low social 
strata, and dietary factors. One popular theory among the medical staff held 
that the basic cause was really the fear of dying; that is, the young 
parturient women were so afraid of dying from the well known hospital 
contagion that they became sick to death from the fear itself. 

Unable to reconcile any of the prevailing theories with the facts before 
him, Semmelweis undertook probably the first epidemiologic study in a 
hospital. He began by analyzing the hospital's maternal mortality statistics 
that were available from the previous 60 years. With this he found that the 
high mortality rates had indeed not always been so high, but had risen fro~ 
below 2% to the 8- 10% range in the 1820s. This increase coincided with the 
introduction of the new Anatomical School of Pathology in which cadavers were 
introduced routinely into teaching medical students. 
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Next he analyzed the association of maternal death against. all of the 
theories advanced by his colleagues, and disproved all of them. The only 
significant association he found was a strong difference in mortality between 
the women hospitalized in the two divisions of the hospital. 

PERCENTAGE OF NEW MOTHERS DYING OF CHILDBED FEVER 
IN THE ROYAL LYING-IN HOSPITALS, 1785-1858• 
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The mortality rate had been low before 1820, had increased to a~ound 5% in the 
1820s after autopsies were introduced into teaching. In 1831, the hospital 
was divided into two divisions, and the mortality rates were roughly the 
same. In 1840, however, the faculty had decided to assign the midwife 
students to the First Division and the medical students to the Second 
Division, and therafter the mortality rates increased dramatically in the 
Second Division and dropped in the First Division. 

Shortly after noticing this strong association, Semmelweis' mentor 
Professor Kolletschka, a pathologist, died of sepsis after pricking his finger 
with a scalpel during the autopsy of a young woman who had died of puerperal 
sepsis. Semmelweis performed the autopsy on his mentor and was struck by the 
similarity of the pathological picture with that of the women who had been 
dying of puerperal sepsis. Putting this together with his epidemiologic 
findings, Semmelweis correctly concluded that the infection was being 
transmitted from the cadavers of the dead women to the women in labor by the 
medical students who had been going from morgue to labor room without washing 
their hands. After instituting a strict policy for washing hands in a 
chlorine solution before examining the women in labor, the maternal mortality 
rates immediately fell below 3%. 

Thus, by obtaining the aggregate view of the situation from extensive 
statistical analysis, SeOJnelweis gained an important insight that led to a 
strategic change in clinical practice. Unfortunately, his more distingutshed 
colleagues, unable to directly observe the effect of handwashing in any single 
patient, were not impressed by his statistical approach and refused to accept 
his explanation. After only two years on the staff, Semmelweis' academic 
appointment was terminated. His successor allowed the handwashing practice tb 
deteriorate, and within another year the mortality rates resumed their 
epidemic l~vels. This situation apparently continued unchanged for another 
generation(~). 
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Brewer's Impert1nence 
The First Surveillance of Surgical Wound Infections 

Moving forward 50 years to the turn of the century, we find another 
particularly illustrative story. In 1895 George Emerson Brewer, a surgeon 
pract icing at the Roosevelt Hospital in New York City, sensing that the clean 
wound infection rate at his hospital might be higher than his colleagues 
appreciated, undertook intensive surveillance of surgical wound infections, 
tabulated the wound infection rates, and reported them to his colleagues as 
well as in the local medical journal (i). His colleagues were shocked to read 
that the wound infection rate among clean wounds was not the 5% or less that 
t hey had assumed but was actually 39%! He wrote, 

This report resulted in considerable unfavorable collJllent from many 
of my professional colleagues, one even going so far as to state 
that the report 'never should have been published as it was a 
disgrace to the profession and would bring it into disrepute.' I 
replied that to my mind the report possessed at least one merit 
and that was, that it was an absolutely truthful statement of the 
facts which had occurred during an honest effort to do clean 
surgery under most unfavorable conditions (5). 

While this astoundingly high wound infection rate had been occurring for 
years without action, merely the generation of these aggregate statistics 
motivated the entire surgical staff and the hospital administration to 
re -examine their surgical techniques and the relevent environmental factors 
and make needed changes. Brewer subsequently published updated reports of the 
wound infection rates in clean surgery at the hospital and documented tl1eir 
steady decline from the origina·l 39% down to 1.2% by 1915 (~). He sullJlled up 
hi s observations like this. 

During the progress of these studies 1 visited many of the 
lar·ger and more important hospitals in this city and also in Boston, 
Baltimore, and Philadelphia ... and the question was genera,lly 
asked, "How much infection do you expect in clean cases?" The answer 
almost invariabley was "practically none." Later conversations with 
members of the house staff and observations during ward visits led to 
the belief that while the "practically none" represented the honest 
opinion of the surgeon, such an opinion was not based on accurate 
records. Indeed I am thoroughly convinced, that if I had been asked 
the same question at any time during the past ten years during which 
no effort was made to keep accurate records of infect ions occurring 
in my service, my off-hand estimate of the percentage of infection 
would fall far below the actual figures. In fact I am strongly of 
the opinion that the only way to obtain the best technical resu l ts is 
to keep an accurate record of infection in every patient submitted to 
operation, for it is only by this means that one can be kept aware of 
his technical transgressions. 

In recent years the strong preventive effect of report ing wound i nfection 
rates to surgeons has been repeatedly suggested by uncontrolled case st udies 
like Brewer's (~-1Q) and was recently confirmed by a controlled eph1emiologic 
eval uation study (49). 
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Staffing and Staph Infect1 ons 

Mov1ng forward another half-century, in the early 1970s , recurr i ng 
outbreaks of Staphylococcus aureus infections plagued the large newborn 
nursery of a prominent teaching hospital in the country . Af t er months of 
contending with the problem, opinions about the significance of the i nfect ions 
became seriously divided. One con t ingent headed by the chief of the 
Pedicatric service felt t hat infections were epidemic and t he ot her compri s ing 
most of the neonatology s taff felt that it was only the ra t e of infection t o 
be expected in such high risk newborns and that no specifi c control measures 
were warranted. 

After an intensive 3-week investigation, the extent of t he prob l em was 
documented (ll). Over the 2-year period, there had been 300 neonata l 
infections with Staphylococcus aureus alone, including 6 at tributable deaths , 
4 cases of osteomyelitis related to laboratory heal -sticks , 7 cases of 
meningitis, and 10 cases of septicemia. In all, 48 infants had had to be _ 
readmitted for treatment af t er initial discharge, resul t ing in approxin~tely 
200 ext ra days of hospitalization. In addition there were 2 related cases of 
maternal breast abscess and 1 of impetigo . 

Table I. Numbers of newborn infants with staphylococcal infection, attack rates, incidence density, and average 
length of stay, by patient -care unit and onset of infection in the hospital or after discharge over a 639-day period. 

Infants with infection 
Average 

Overall Overall length 
In After attack Patient- incidence of stay 

Patient-care unit hospital discharge Total Discharges rate• days density t (days) 

Intensive-care unit 6 0 6 378t 16 3,337 18 8 
Premature nursery 44 2 46 612 75 14,427 32 24 
Intermediate-care nursery 61 64 125 2,458 51 15,985 78 7 
Term nurseries II Ill 122 14,006 9 44,010 28 3 

Total 122 177 299 17,076 18 77.759 39 5 

• Number of infected infants per 1,000 discharges. 
t Number of infected infants per 10,000 patient -days . 
t Because infants were not discharged from the hospital directly from the intensive-care unit, these discharges were not added 

into the total. 

After a thorough epidemiologic analysis had ruled out all hypotheses 
about the cause of the epidemic held by the medical staff, several nurses 
conjectured that the neonatal infections seemed to increase whenever they were 
particularly overworked. They felt that when they had too many babies to care 
for they got too busy to wash their hands between babies and perhaps this was 
spreading the infection. by abstracting the daily infant census from the 
hospital's computer printouts and the daily nurse staffing census by shif t 
from the files of the Director of Nursing, the infant - to- nurse ratio in the 
intermediate care nursery was calculated over the previous 21 months. A 
multivariate logistic regression analysis was performed to analyze the 
association of the infant-to-nurse ratio with the occurrence of cases of 
staphylococcal infection in the highest-risk nursery. In the logistic 
regression model, additional variables were included to represent the 
alternative hypotheses of the causal roles of overcrowding, hexachlorophene 
bathing, and seasonal increases in the sunrner. 
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Figure 1. The occurrence of understaffing, overcrowding, bathing with hexachlorophene (HCP), and summer in re­
lation to staphylococcal infections over a 639-day period in a neonatal intermediate-care nursery. Closed bars indicate 
clustered infections, and open bars indicate possibly clustered and sporadic cases; A.A.P. = American Academy of 
Pediatrics. 

Tar. 2. The incidence density of clustered and sporadic cases of staphylococcal infection in a neonatal intermediate-care unit over a 639-day period. by four 
risk factors . 

Hexachlorophene bathinR Summer Ovt'rcrowding 

9S'7t confi- 95'lt confi- 9SfJe confi -
de~ inttr· dence inter- denCt' inter · 

Type of cases Yes No RR val of RR No Yes RR val o f RR No Yes RR val for RR 
---- - -- -

Dcfinitelv dmtered 17 27 1.6 0.8-3 .4 13 44 3.4 1.8-6.3 h 47 7.3 3.5-15 .4 
Poc;;s ibly clustered 4 10 2.6 O.h- 11 .2 9 4 0 .4 0.1-1.8 II 3 0.3 0.1-1.2 
Sporadic II 6 0.5 0 .2- 1.6 4 0.4 0.1 -1.8 10 5 0.5 0. 1-1.7 

All ) I 42 1.] 0 .8-2.4 32 52 1.6 1.0-2 .1 27 54 2 .0 1.2- 3.4 

NOTE. The incidence d-ensity was defined as the number of infected infants per 10,(0) patient ·days. RR = rate ratio . 
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Table 4. Results obtained from stepwise logistic regression analysis of the joint associations of understaffing, over­
crowding, hexachlorophene bathing, and summer with the occurrence of clustered staphylococcal infections over a 
639-day period in a neonatal intermediate-care unit. 

Final estimates from 

Step at 
Before first step After last step linear logistic model 

which Approxi- Approxi- 9517Jo confi-

factor mate x'· mate x'- Regression dence inter-

Risk factor entered to-enter P- to-remove P- coefficient SE RRt val of RRt 

Constant 0 -6.67 0 .78 1.00 
Understaffing 35 .60 <0.0001 6.82 0.009 1.83 0 .77 6.23 1.38- 28.1 

No hexachlorophene 
bathing 2 2.90 0 .089 10.66 0.001 1.68 0.56 5.37 1.78-16 .1 

Summer 3 10.83 0.001 4.21 0.040 0.98 0 .49 2.66 1.03;-6.89 

Overcrowding 4 31.76 <0.0001 3.93 0.047 1.23 0.67 3.42 0 .92-12.8 

NOTE. The stepwise logistic regression analysis was performed using the maximum-likelihood-ratio method of assessing the 
significance of each term in selecting the one to be removed or entered at each step; interaction terms were not included . The 
goodness-of-fit x' for the model was 59.87 (df = 13; P < 0.0001) before any terms were entered and 6.08 (d/ = 9; P = 0.73) after 

the last step. 
• For all variables, df = I . 
t RR = rate ratio. 
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lhe results indicated a strong association. of the recurrent outbreaks with 
the i~fant-to -nurse staffing ratio, even after controlling for the alternative 
hypotheses. 

After presenting these findings to the neotology staff, the nursing 
director, and the hospital administration, everyone finally agreed that the 
infection rates were excessive and that the exaggerated fluctuations in the 
staffing ratios had to be eliminated. Subsequently, special staffing measures 
were taken to stabilize the infant-to- nurse ratio and to monitor it on a 
routine basis. Thereafter, the rates of staphylococcal infection declined 
substantially . This again illustrated a persisting pa t ient - care problem that 
was underrated and subconsciously suppressed by the hospital staff until 
brought into focus by a view of the patients in aggregate. 

The Parkland MRSA Epidemic 

lhe final illustration t~kes us right up to the present to the 2-year 
epidemic of nosocomial infections involving methicillin - resistant 
Staphylococcus _aureus. or MRSA, at Parkland Memorial Hospital. Ever since the 
early 1960s, methicillin and its cousins the semisythetic penicillinase ­
resistant penicillins have been the mainstay of chemotherapy for infections 
with Staphylococcus aureus (llJ. In the late 1960s strains of staph resistant 
to methicillin became epidemic in Britain and on the continent of Europe (Jl.). 
but not in the U.S. By the late 1970s, however, methicillin-resistant strains 
began appearing in epidemics of nosocomial infections in U.S. hospitals (!_4_) . 
These epidemics are now being transmitted around our coun t ry, primarily from 
one large, medical school-affiliated hospital to another via the tran sfer of 
infected or colonized patients or house staff (L4J. 

The first strains of MRSA appeared at Parkland i n early 1978 and by the 
fourth quarter had gained a strong foothold, at that time comprising 
one-quarter of all s taph aureus isolates. This was detected by our infection 
control department, and in early 1979 an intensive campaign was undertaken to 
identify all patients colonized with the methicillin- res istant strain and 
isolate them to prevent secondary spread. By this and other strong measures, 
the organism was eradicated from the hospital by the end of 1979. 

Percent of s. aureus isolates that are MRSA 

1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 
1978 1979 1980 1981 1982 1983 
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After an 18-month period free of MRSA, another strain appeared in January 
1981, this one more highly resistant to methicillin and more clinically 
virulent. Recognized immediately, the new introduction was met with the same 
control measures that had been successful before, but this time without . 
success. By the end of 1981, MRSA comprised one - third of all staph aureus 
isolates in the laboratory, and by early 1983, it comprised almost half. 

The problem was that this new strain of MRSA seemed to be cropping up 
almost at random in all areas of the hospital and had soon become firmly 
intrenched in the burn unit and the surgical intensive care unit (the SICU), 
where patients infected with it would languish colonized for months. Because 
of the seeming ubiquity of the problem, a very strong feeling of resignation 
came over almost the entire hospital staff. By the summer of 1983, the 
feelings of the house staff and even many of our attending physicians were 
sunrned up by comments like this that were heard frequently: tilt's like 
penicillin resistance; it's here to stay.tl tilt's only a saprophyte like the 
gram negatives; why all the concern?" "All we ever see is colonization; it 
doesn't cause real infection." "If they don't get MRSA, it will just be 
Pseudomonas Qr some other opportunistic organism." "Nothing will stop it from 
spreading, so these heroic isolation and handwashing measures are futile." 
"We just have to learn to live with it." 

As a result, many house staff and a few attending physicians alike began 
ignoring the isolation precautions posted on the infected patients' doors, and 
the problem wen t completely out of control. By the summer of 1983, we were 
having between 30 and 40 new cases including 5 to 6 cases of MRSA bacteremia 
per month . From a review of the literature and a quick telephone survey of 
other major teaching hospitals known to have indigenous MRSA problems, it 
became clear that Parkland's MRSA epidemic was by far the largest on record 
anywhere in th.e world. In fairness, this also reflected the extraordinary 
efforts that were being made by our infection control department to detect and 
document MRSA infections. 

As a result, through the summer of 1983 a thorough investigation was 
conducted. We began by screening the surveillance files of the infection 
control department and all of the microbiology records for the previous 2 
years in order to construct a computerized file of all patients known to have 
been infe~ted or colonized by MRSA. Next we obtained a huge computer file of 
all patient room assignments and transfers covering the same 2- year period 
from the Parkland billing computer. In a large computer operation we merged 
the infection data into the room assignment file and thereby identified all 
the precise days on which MRSA patients occupied each room. We also obtained 
data on antibiotic use from the Pharmacy. Statistical analysis of these data 
yielded the following results. 



Hospital-Acquired Infections - - 1985 

15 

tO 

~ 10 
(J) 
·rl 
_j.J 

10 5 
Ill 

Ill 
_j.J 

~ 

0 

0 

10 

-~ 5 
_j.J 

10 

PatiGnts with HRSA InfGction 
Parkland Mgmoria l Hospita.J 

J J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A 

SICU 

J J A S 0 N D J F M A M J J A S 0 N D J f M A M J J A 

Ill 0 -'-t---t __ ,. 

J J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A 

tO .w 

~ 5 
orl 
.w 
co 

Mgdicine 

P.!o-'-+____,>--+--+-' ... 
J J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A 

ro Other 
_j.J 

~ 
(J) 5 
·rl 
_j.J 

10 
Ill 0 

J J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A 

~ ,lER/OPC 

~ 01, I 
a··· J.·····"' 

::::·: ... : 

, ~- , I . ~·~·· l •J •"-'·~ ";' :-.;' ,• ' • . •{'..., I ' ' • 

' ' .'\' • I• .' ~ ~ • 

J J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A 

1981 1982 1983 

9 



Hospital -Acquired Infections -- 1985 
10 

Inpatient Vancomycin Usage vs. MRSA Bacteremias 
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Over the 21 months outbreak, 508 patients were found to have been 
colonized or infected. Of these 66 (13%) had MRSA bacteremia; 28 (6%) had 
infection complicating orthopedic procedures, causing an extraord inar il y high 
amputation rate; and 84 (1 7%) of these patients died. Two of us reviewed the 
death charts and estimated that 25 patients with nonfatal underlying illnesses 
had died as a direct result of MRSA infection. 

Mrs. G, a 58 year old white woman, was admitted to the 
surgery service for treatment of serious gastrointestinal 
bleeding. She was initially admitted for 2 days of careful 
monitoring to the surgical intensive care unit, where incidentally 
the most intensive sp read of the epidemic organism was occurring . 
After the 2 days her condition improved and she was transferred 
back to the floor. Twenty-four hours later she developed a high 
spiking fever with no other apparent focus of infection. After 36 
hours of standard antibiotic therapy, she suffered a cardiac arrest 
and died. The clinicians suspected recurrent bleeding or gram 
negative sepsis from the subclavian line. An autopsy revealed 
seps1s from the epidemic strain of methicillin-resis ta nt Staph that 
was resistant to the antibiotics that the patient had been given. 
By the time the results of the autopsy were availab le, the resident 
physicians who had cared for the patient had rotated to another 
hospi tal in the system and thus never learned that the death was 
directly attributable to the epidemic. 

Another serious cost of the epidemic involved a dramatic change in 
antimicrobial usage. Before the MRSA epidemic registered in the clinical 
consc1ousness of the medical staff, Vancomycin was a very uncommonly used 
antibiotic, being reserved primarily for patients with penicillin allergy and 
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other mi see llaneous circumstances, and tot a 1 pharmacy charges for Vancomycin 
ranged annually in ·the $50,000- $100,000 range. As the awarenes s of 1'4RSA 
spread, .Vancomycin use skyrocketed. As you may know Vancomycin is jus t about 
the most expensive antibiotic marketed in this country, the charge from our 
pharmacy running in the range of $1,500 for an average 10-day course. In 1982 
pharmacy charges for Vancomycin amounted to almost a half million dollars, and 
in 1983 to almost a million dollars --very little of which is paid for under 
the current DRG prospective payment system. Since the actual cost to the 
hospital is about 10% of the pharmacy's listed cha rge, the epidemic was 
costing Parkland approx imately $100,000 per year in unanticipated antibiotic 
costs alone, not to mention the other extra patient- care costs of the 
infectious complications t hat are also not included in prospect ive payment. 

As we might have predicted from the epidemiology of MRSA across the 
country, it wasn't long before the Parkland strain of 1'4RSA was introduced by 
the transfer of several colonized patients to the Dallas VA where a separate 
outbreak began . It also appeared at Children's Medical Center, most likely 
transmitted via a su rgical residen t who was later found to have inapparent 
nasal colonization with the ep idemic s train. 
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lhe analysis of the large computer file gave a new insight into t he 
mechanism of transmission of the epidemic strain. By tracing the previous 
hospital roonrnates of all of the cases, we were able to show that the most 
intense source of transmission of the epidemic s t rain around the hospital was 
the SICU, although it was by no means the only source. Because of the 
seriously overcrowded conditions, the chronic malfunctioning of the air 
conditioning which prevented gowning and gloving, and inability to ge t 
surgical house staff to wash hands be tween pa t ient contacts, transmission of 
infective organisms from patient t o patient in the SICU was intense. To make 
matters worse , patients discharged from the SICU went to rooms on all 
d1fferent services in all parts of the hospital, thus serving as an ef ficient 
vehicle for spreading the epidemic strain to all quarters . The following 
tables show the relative risk of acquiring MRSA. Patients who shared a room 
with a patient who had been discharged from the SICU had a 9 -fold greater 
chance of subsequently contracting MRSA infection than patients who did not 
share a room with an SICU patient. And this difference was highly 
statistically significant. 

EXPOSURE TO A ROOMMATE PREVIOUSLY IN THE SICU 

Patients 
Cases 
Risk (%) 
Relative Risk 
p value 

SICU 
No - -- -

15,838 
38 

.24 

Roollllklte 
Yes ---

1 '462 
32 

2.19 
9. l 

<.0001 

Moreover, there was evidence of a strong "dose- respon se effect." lhe mo re 
days a general ward patient spent as the roonvnate of a former SICU patient., 
the higher the risk of subsequently acquiring MRSA infection . 

MRSA RISK BY OURA1ION OF EXPOSURE TO MRSA -INFECTEO ROOMMATES 

Roommate - Oays_of __ Expo~ure __ __ 
0 1 -7 8-14 15- 21 >21 avera 11 - - - - -- - - ---- -

Patients 14,671 499 40 5 4 15,219 
Cases 28 14 3 l 1 47 
Risk (%) . 19 2.81 7.5 22 . 2 0.31 
Relative Risk 1 15 39 117 
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An important potential confounding variable in this analysis is the degree of 
illness of a patient. More seriously ill patients are known to be more 
susceptible to all types of nosocomial infections, particularly MRSA. 
Although the degee of underlying illness is difficult to measure , the 
patient's length of stay is generally a reasonably good indicator of it CE). 
This was found to be true of MRSA at Parkland . 

MRSA RISK BY LENGTH OF HOSPI1ALIZATION 

Length of Sta~ (da~s l__ __ 
1-7 8- 14 15-21 >21 Overa 11 -----

Burn Unit Patients 67 56 32 49 204 
Cases 4 18 6 28 56 
Risk (%) 6 32 19 57 21 
Relative Risk 1 5 3 10 

SICU Patients 38 56 65 209 368 
Cases 0 1 7 53 61 
Risk (%) Q 2 11 25 17 
Relative Risk 2/n 11 /n 25/n 

Wards Patients 11,699 3,255 973 1,373 1l, 300 
Cases 2 12 3 53 70 
Risk (%) . 02 .37 . 31 3.86 .40 
Relative Risk 1 19 16 193 

If we controlled for ward patients' length of stay in order to control for 
their degree of underlying susceptibility to MRSA, we find that sharing a 
room with a former SICU patient is still a strong risk factor. 

Stay 
Exposure 

Patients 
Cases 
Risk (%) 
Relative Risk 

EFFECl OF EXPOSURE 10 AN SICU ROMMATl 
CONTROLLING FOR LENGTH OF STAY 

-_ _l:LJ!~--
No Yes - --

11 ,251 448 
2 0 

.02 0 
0 

8-14 
No 

2905 
8 

.28 

Oa~s 
Yes 
350 

4 
1.14 

4. 1 

15-21__!)~ 

No Yes - - --
779 194 

3 0 
.39 0 

0 

_ __2_1U___Pft'L 
No Yes -- ---
903 470 

25 28 
2.8 6.0 

2. 1 

Mant.el - Haenzel convnon relative risk = 2.2 (95% C.I. 1.4-3.6) 
Breslow- Oay test of homogeneity of the relative risk - p = 0.40 

Additional analyses were carried out to study the importance of spread from 
infected or colonized patients to their patient: roomnate.s. The following 
table illustrates this line of analysis by demonstrating a "dose - response 
effect" of sharing a room the the former roonwnate of a patient with MRSA. 
Even though the former roonvnate of the MRSA patient was not known to have been 
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1nfected, enough of them had contracted inapparent infection to cause a 
substantial risk to their future roommates. 

MRSA RISK BY DURATION OF EXPOSURE TO A POTlNTIAL CARRIER* 

Wards Patients 
Cases 
Risk (%) 
Relative 

Roommate-Days of 
__ 0_ 1-7 8-14 
14,671 1 f 700 276 

28 13 7 
.19 .76 2.54 

Risk 1 4 13 

*The former roommate of an MRSA- infected patient 

~xposure _ __ _ 
15- 21 >21 --- --

60 45 
3 0 

5.0 0 
26 

Ove ra 11 - - - ·-
16,752 

51 
3.0 

By calculating the attributable risks, we found that that 30% of the 
cases occurred in the Burn Unit , but there was no evidence of spread from 
these patients to any others outside the Burn Unit. Another 33% of the cases 
were acquired in t he SICU by patients who were in the SICU while other 
infected patients were there also. Another 17% were never in the SICU but 
shared a room with an SICU patient who had earlier become infected or 
colonized with MRSA in the SICU. Another 6% became infected from infected or 
colonized roommates who had not been in the SICU, and whose original source we 
could not determine. And that left only 15% of the cases whose exposure we 
could not pinpoin t . These perhaps shared a room with a roonwnate whose 
infection was not detected or were exposed by hands of hospital staff or 
environmental factors. 

MRSA CASES BY LOCATION OF EXPOSURE 

No . Cases _% _ __ Cum. Cas~~ ~umJ 
Burn Unit 56 30 56 30 
SICU 61 33 11 7 63 
Ward 

from SICU case 13 7 130 70 
from SICU carrier 18 9 148 79 

Ward 
from other case 6 3 154 82 
from other carrier 5 3 159 85 

None identified 28 15 187 100 

Based on these findings, we developed a new strategy for controlling the 
epidemic. Instead of trying to tighten isolation procedures throughout the 
hospital, we decided to focus on the SICU since transmission within the un i t 
and secondary spread from former SICU patients accounted for the largest part 
of the hospitalwide problem, although in fairnes I should emphasize that this 
was not the only source of the problem. 
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Thus, in September 1983, on the basis of these findings the SICU surgical 
and nursing staff and the Surgery administration in consultation with th~ 
Chairman of the Infection Control Committee worked out a new set of measures 
·to interrupt transmission in the Unit and prevent spread from SICU patient~ 
who were being transferred out to all areas of the hospital . The control 
measures were as follows: 

1. Restrict entry into the SICU 
· 2. Everyone gown and glove upon entry 

3. Enforce ~andwashing 
4. Repair SICU air conditioner 
5. Intensive environmental disinfection 
6. ICNs monitor SICU techniques daily 
7. Reroute "elective" SICU admissions to recovery room 
8. All SICU discharges "quarantined" on 2E 
9. Dedicated X-ray machine and technician 

10. Nasal cultures of all SICU personnel 
11. Continued surveillance of MRSA cases 
12. New SICU in 1 year 

Once this aggregate view of the overall MRSA problem was available and 
the hospital staff members were able to perceive its true magnitude and the 
significance of breakdowns in isolation procedures in the SICU, the hospital 
staff becam~ genuinely concerned and determined to carry out the necessary 
isolation and handwashing protocol, and the SICU air conditioner that had been 
malfunctioning for 2 years was quickly fixed . 

. The result was an immediate reduction in the number of cases of MRSA 
bacteremia in the SICU, as well as a significant reduction in the cases on all 
other services. Where we were averaging 5 to f> cases of MRSA bacteremia per 
month bef~re · the September control measures, the number fell to an aVerage of 
1- 2 cases per month and has since remained at that low level. 

NUMBER OF MRSA BACTEREMIA$ PER MONlH IN THE YEAR 
BEFORE AND AFTER CONTROL MEASURES INSITUlEO* 

SICU 
All Hospital 

Median No. 
Before 
2.5 

5 

Cases 
After 

0 
2 

*Oct.-Sept. 1983 versus Oct.-Sept. 1984 
tBy the Mann-Whitney U test (2-tailed) 

Q_valuet 
0.001 
0.008 

T~us, although straini of MRSA are still around the hospital, the rampant 
spread of the epidemic strain was effectively curtailed by the intensive 
efforts of the SICU staff after they had seen the aggregate view. These 
reductions have been sustained for almost 6 months. 
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The Common Thread 

An 1mportdnt conwnon thread runs through these four anecdotes. In all 
four cases, the practicing physicians and house staff had been relatively 
unconcerned about the need for preventive measures to reduce serious 
compl1cat1ons 1n their patients, and generally did not want to be reminded. 
But after epidemiologic investigations gave them a new view -the aggregate 
view -they became genuinely concerned and acted decisively to adopt the 
necessary preventive practices . Here it is important to realize that the 
physicians were not willfully acting against the interests of their patients . 
Given what they could observe from their individual - patient perspective, they 
were actlng appropriately. But, except for the Senwnelweis story, in the last 
three e~amples, once they had seen the aggregate view, they recognized serious 
problems iri another dimension of experience that they had not even suspected 
was there. And as a result, they took the lead, altered their practices and 
reduced their patients' risks. -

What seems routine and satisfactory from the 
viewpoint of the individual, sometimes appears 
entirely different when viewed 1n the aggregate. 

This type of epidemiologic investigation, intended to develop an 
aggregate view for physicians to use in improving patient care, should be 
differentiated from the types of activities performed in peer - review 
programs. Generally, PSRO reviews and similar audits, make no effort to gain 
a new perspective on this aggregate dimension. Instead, they involve no more 
than a single auditor's viewing the record of a single patient to judge 
whether certain 11 standard 11 practices were performed. Although peer review is 
often confused with epidemiology, it is merely an extension of the traditional 
individual -patient perspe~tive. It is my opinion that the new perspective 
afforded by the aggregate view -- rather than an auditor's cas~ review -- is the 
way to allow Qhysicians to improve the quality of their own patient care. 

The S£NIC Project 

Background 
In the late 1960s, a new Hospital Infections Branch was formed at the 

Centers for Disease (CDC) to begin looking at the emerging problem of 
hospital -acquired, or nosocomial, infections. At that time a nhljor new 
epidemic of infections caused by a highly virulent and multiply resistant 
strain of ?taQhylococcus __ aureu_~. the so -called phage - type 80/81 or 52/52A 
strain, had been sweeping the country, causing large outbreaks in newborn 
nurseries and maternity units as well as on adult medical and surgical 
services (56_). 

After being called to assist numerous hospitals to control their 
slaphyl~cocal outbreaks, the young physicians of CDC's Epidemic Intelligen~e 
Servic~ (EIS Officers as they are called) in the Hospital Infections Branch 
made several observations that seemed to tie most of these outbreak~ 
together. First, they noticed that whenever they would first go into a 
hospital at the request of the local health department or a concerned chief of 
staff, they would almost invariably be met by a reactioR of either 
ind1fference or even hostility by the medical staff and the hospital 
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adm1n1strat1on. When asked about the epidemic, the practicing physicians and 
the adn~nistrator would usually reply that they were not having any problems, 
that ·the infections that had been reported were nothing out of the ordinary, 
the hospital's usual experience that was to be expected. Believe me, this 
reaction is real and it is common. I know because I've experienced it more 
than once. In fact, it is so common that every EIS Officer soon learns to 
step carefully when going into a hospital, because at first the individual · 
physicians and administra.tors almost always feel that there are no problems 
and your visit is not necessary. 

The second major observation was that, as soon as the visiting EIS 
officer would establish a surveillance system to simply count the number of 
infections from before the presumed epidemic to the present, he would present 
the observational data to the hospital staff, and irnmediately- -at least in 
most instances -there would be a dramatic turnaround in the attitudes and 
concerns of the physicians and the administrators. Suddenly, everyone -would 
become cooperative, physicians who had been aloof or hostile would strike up 
collegial conversations, and the administrator would invite you over to his 
house for dinner. When the surveillance system turned up a risk factor that 
could be modified to control the outbreak, it would become the talk of the 
hospital , and months later you would hear that one of the most hostile 
physicians had given a noon conference on the mechanism by which the risk 
factor had caused the outbreak. 

From these experiences , CDC gradually evolved a nationwide recommendation 
that all hospitals should establish what is called an Infection Surveillance 
and Control Program, to maintain surveillance over nosocomial infections and 
give the hospital staff the information they need to recognize outbreaks and 
ongoing problems when they begin (~). More specifically, on the basis of 
pilot studies to work out the logistics of these programs, CDC recommended 
that every hospital have a Qhysician trained in infection control to supervise 
an infection control nurse and to conduct intensive epidemiologic ~urveil~~nce 
and, on the basis of information gleaned from surveillance, formulate 
infection c.ontrol strategies and policies to reduce infection risks (57). 
Thus, these four components --an infection control physician, an infection 
control nurse, intensive surveillance, and control policies --- formed the basis 
of a program for obtaining the aggregate view in every hospital. 
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Between 1970, when these reco1001endat:ions were begun, and 1975 when we 
first surveyed U.S. hospitals' practices, the majority of hospitals 

21 

es tab 1 i shed some form of infection surveillance and contro 1 program . For 
example, tn 1970 fewer than 10% had an infection control nurse, or an active 
surveillance system, or policies to maintain aseptic, closed urinary catheter 
drainage systems or schedules for routinely changing IV catheters, and the 
like, and that by 1975 over half had such positions, surveillance systems, and 
policies (19-32}. 

In early-1974, with the new infection control movement just beginning to 
take hold in hospitals across the country, the CDC undertook a study to 
evaluate the efficacy of this approach in actually reducing the risk~ of 
nosocomial infections in the nation's hospitals (15). At the time we were 
simply asking whether this nationwide recommendation was an effective and 
prudent national policy; did it work? In retrospect, what we were really 
evaluating was the impact of a mechanism for giving clinicians the aggregate 
view to supplement th~ir daily clinical viewpoints. That is, to what degree, 
if any, does this aggregate view improve the outcome of patient's hospital 
course? 

Design and Methods 
lhe study is known by the acronym of the SENIC Project (Study on the 

Efficacy of Nosocomial Infection Control}. A complete review of the methods 
and preliminary results was published in a special issue of the American . 
Journal of EpidemiQJ_Qgy devoted to the project in May 1980 (li--lJ!, l~- 36), and 
the final repor t has just come out this month in four articles in the February 
1985 issue of the same journal (45, 47_- 49). 

After determining that a randomized clinical trial and similar 
traditional approaches were infeasible (li). we developed the design for a 
controlled observational ~tudy , of what is called the quasi -experimental type 
(58). The design called for data representative of all U.S. general hospitals 
to be collected in three phases. 

Phase I . Preliminary Screening Questionnaire 
Ph~se II. Hospital Interview Survey 
Phase III. Medical Records Survey 

lhe first two phases would measure the intensity of surveillance and control 
activities in the hos~itals, and the third stage would estimate the changes 
that had occurred in the nationwide nosocomial infection rates in relation to 
the establishment of these programs . Inferences regarding the causal effect 
of these surveillance and control programs on infection rates would then be 
made studying the statistical associations of the types and intensities of the 
programs in each hospital with the changes in its infection rates over time. 
Since it was infeasible to randomly assign hospitals to groups that would 
adopt different types of programs, several years were consumed in developing a 
study design that would strategically avoid the types of potential 
biases -Selection Bias, Information Bias, and Confounding -- that can occur in 
such epidemiologic studies (58). and a 4-year statistical analysis was carried 
out at the end to test for aiT of the potential biases and to make appropriate 
adjustments for those that were found. 

Phase I. The first phase involved measuring the intensity of 
hospitals' surveillance and control programs with a questionnaire designed to 
give two mathematical indexes: a surveillance index and a control index. 
Conducted in early 1976, this phase of the study involved the voluntary 
participation of 85% of the over 6,000 U.S. hospitals, thus giving us a 
quantit~tive measure of these programs throughout the country. 
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From these data, we calculated a value for each hospital on the surveillance 
index by summing the weights of specific practices that contributed to 
detecting nosocomial infections, analyzing for trends in the hospital, and 
disseminating the findings to the medical staff. A hospital •s score on this 
index was then multiplied by separate adjustment factors that measured the 
qualifications and duties of the infection control physician and the infection 
control nurse to give the final value. 
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The top graph shows the distribution of the scores of the 5,000+ U.S. 
hospitals from which we received the data in 1976. Along the horizontal axis 
is the value of the surveillance index. Notice a spike of hospitals at zero 
on the index, indicating those hospitals that had established none of the 
surveillance practices hypothesized to be effective in reducing no~ocomial 
infection risks, a slightly skewed curve for the majority of U.S. hospitals, 
_and very few hospitals scoring near the top on the scale, having established 
most of the surveillance activities hypothesized to be effecti~e. For 
conducting subsequent phases of the project, we divided all of the hospitals 
into four categories , or strata, on the surveillance index, indicating 
hospitals that had established "Low" intensity or no surveillance practices, 
"mid - low," "mid- high," and "high" intensity surveillance practices by 1976 . 
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L1kew1se, from these data, we calculated a value for each hospital on the 
control index by sullllling the weights of specific practices that contributed to 
the sources of information used for program direction, the authorities of the 
1nfection control staff to act, organized programs to teach and train the . 
hospital staff in infection control practices, and patient-care policies for 
infection control formulated by the program staff. This index was likewise 
adjusted by the qualifications and duties of the infection control physician 
and nurse. Here is the distribution of the 5,000+ U.S. hospitals on the 
control index, slightly skewed to the right, and also subdivided into four 
categories for later phases of the project. 
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Stnce we could not afford to study all 5,000+ U.S. hospitals with the 
intensive methods required in Phases 2 and 3, we planned to select a smaller 
sample. To minize the chances for serious selection bias, we used a system 
for randomly selecting hospitals from strata. To do this, we stratified all 
5,000+ participating hospitals into boxes determined by the 
cross-classification of the categorized surveillance and control indexes, as 
shown here. We also substratified each box by categories of hospital size, 
indicated by categories of the number of hospital beds, and medical schoril 
affiliation. From this large sampling matrix, we selected by a computerized 
random sampling technique enough hospitals from each box to giVe a 
representative sample of 338 U.S. hospitals for study in Phases II andm. I 
will refer to these 338 hospitals as the sample hospitals. Notice that by 
using this selection technique, we would minimize or eliminate any selection 
biases that were relat~d to hospital size or medical school affiliation, and 
the final results could be validly projected to the population of U.S. 
Hospitals. · 

Phase II. In Phase II of the Project, we developed a structured 
interview protocol, with standardized booklets and interviewing techniques, 
for conducting personal interviews with the people in the 12 key positions 
that interact with infection control in each of the 338 sample hospitals. 
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These included the infection control physician, infection control nurse . t he 
hospital adminis t rator, t he director of nursing, the head of the microbiology 
laboratory and severa l t echnicians, etc., as well as a random sample of the 
regula r staff nurses who were on duty on t he day of the interviews. The main 
purpose of t hese in te rviews was t o gather information with which to verify the 
data that had been gathered in phase I to calculate the surveillance and 
con t rol indexes . 

Phase III. The purpose of Phase III, the Medical Records Survey, was 
to measure t he change of the nosocomial infection rates from 1970 to 1976. 
Within each of the 338 sample hospitals we selected randomly 1,000 admissions: 
500 admissions were selected randomly from all of their admissions in 1970 ; a 
year before any of the sample hospitals had established any organized 
infec t ion surveillance or control activities. and 500 more from all of their 
admissions in 1976, t he year in which we had measured the intensity of their 
infec t ion surveill ance and control programs in phase I. In all, this gave us 
approximately 169,000 patients in 1970 and 169,000 patients in 1976 . 

Hosp ita 1 s 
Patients 
Patient-days 

BASIC UNITS OF OBSERVATION IN SENIC 

1970 
338 

169 , 518 
1 '782 . 1 72 

1975-6 
338 

169,526 
1 ,603 ,307 

Total 
338 

339 ,044 
3,385,479 
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We then visited each hospital with a team of specially trained CDC 
medi(al records analysts who reviewed the medical records of the randomly 
selected admissions to detect all nosocomial infections by using a system we 
had developed to avoid the information bias that has been found in many types 
of hospital surveys. Specifically, for each case our staff studied all 
clinical information in the admission workups, the progress notes and nurses 
notes, the graphics records, the laboratory and X-ray reports, and the 
discharge summaries. To this basic clinical data they applied standardized 
diagnostic algorithms, which had been developed and tested in pilot studies on 
over 6,000 patients• records, to make clinical diagnoses of nosocomial 
infections. As a result, we could estimate the infection rates in 1970 -a 
year before any of the sample hospitals had established their infection 
control programs ·-and in 1976--the year in which our first survey had 
documented active programs in about half the hospitals. From this in each 
hospital we could calculate the change in the infection rate from before to 
after the establishment of the infection surveillance and control programs, 
and since about half of the sample hospitals had not established programs, we 
had a controlled comparison from which to infer whether the programs had had 
any effects on the infection rates. 

To do the analysis right required 4 years of intensive effort . This was 
due to three factors. First was the fact that the huge database had to be 
entirely managed and analyzed by computer. The file structure of the database 
included large files of data at the hospital level, describing the hospital 
characteristics from phases I and II and additional descriptive data on the 
hospitals supplied by the American Hospital Association {59); as well as 
complex files of data at the individual patient level including the data on 
each patient's infections, discharge diagnoses, X-rays, urinalyses, daily 
fever and antibiotic data, surgical procedures, and microbiologic cultures. 

The second complicating factor was the need to develop and analyze 
numerous measures of alternative factors about the hospitals and their 
patients that could reasonably be suspected to be confounding variables, that 
is, factors that could change a hospital's infection rate and account for an 
apparent association of infection control programs with changes in infection 
rates. In the analysis, we developed and analyzed several hundred measures of 
hospital characteristics such as hospital size, medical school affiliation, 
type of ownership, region of the country, occupancy rates, patient-nurse 
ratios, hospital financial data, size of house staff, and medical staff 
characteristics. And third, we developed an index of patients• risk fartors 
for nosocomial infection to measure the potential confounding influence of 
changes in hospitals' patient mix (37, 43-45). 

The Results 
The result of these analyses was a series of statistical models that 

would estimate the association of starting an infection surveillance and 
control program, with the change in the hospitals' infection rate after 
controlling for all of the potential confounding variables {49). Separate 
statistical models were developed for each of the main types of nosocomial 
infections: surgical wound infections, urinary tract infections, bacteremia, 
and pneumonia. For each of these types of infections, patients were first 
stratified in those with high and low intrinsic risk, based on the 
multivariate risk indexes. 



Hospital-Acquired Infections --1985 
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TABLE 3 

Multiple rt>gre~sio11 models e.rplain i flN the change in hrupllals' nosocomial pmumonia rates {rum 1970 l u 1975 - 1976 • 
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TABLE 4 

Multiple ngnuion model uplaini!lR thr c-hangr in hospitaL.,· nosucomtal bocteremia rou ... from 1970 to 
1975- 1976• 
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and coded 0 otherwi~. 1, aurveillanct: c. control; F'TE. full -timt> ·equ ivBient 

§Estimated for ew:h p~~tient from hu; or her r isk fac tors 1331. 
I Will be referred to u • "moderately effective" pro""am. 
'Will be referred to ae a "ver;.· effe<"tl\·e" program 
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Overall, we found that an intensive surveillance program in which 
surg1cal wound infection rates were regularly reported to the staff surgeons 
resulted in a 35% reduction of the wound infection rate. Simila r program~ 
resulted in a 38% reduction in nosocomial urinary tract infections, a 35% 
reduction in nosocomial bacteremia. and 27% reduction in postoperative 
pneumonia, with only a modest 13% reduction in pneumonia in medical patients. 
O~erall, in hospitals that established the most intensive surveillance and 
control programs. the nosocomial infection rates dropped by 32% over 5 years. 
In contrast. in hospitals that did not establish these programs, the infection 
rates did not remain constant but in fact increased by 18% over the same 5 
year period. All of these results were highly statistically significai1t (~_2). 

Table 9 ~ 1. Percentage of nosocomial infections prevented by the most 
effective infection surveillance and control programs 

------ -- ----------------------------------------------

Type of 
Infection - - --··---

Surgical 
Wound 
Infection 
( SWI) 

Urinary 
Tract 
Infection 

Nosocomial 
Bacteremia 

Post­
operative 
pneumonia 
in surgical 
patients 

Pneumonia 
in medical 
patients 

A 11 types 

An organized hospitalwide program with: 
• Intensive surveillance and control 
• Reporting SWI rates to surgeons 

Plus: 
• An effectual physician with special 

interest and knowledge in infection 
control 

An organized hospitalwide program with: 
• Intensive surveillance in 

operation for at least a year 
• An ICN per 250 beds 

An organized hospitalwide program wHh: 
• Intensive control alone 

Plus: 
• Moderately intensive surveillance in 

operation for at least a year 
• An ICN per 250 beds 
• An infection control physician or 

microbiologist 

An organized hospitalwide program with: 
• Intensive surveillance 
• An ICN per 250 beds 

An organized hospitalwide program with: 
• Intensive surveillance and control 

An organized hospitalwide program with: 
• All of the above components 

Percent 
Prevented 

20 

35 

38 

15 

35 

27 

13 

32 

------------------ ---- --- -------- ------- -- --- ---
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Remember, now, that in SENIC we had a random sample of patients in a 
random sample of U.S. hospitals. From this we could estimate with reasonable 
precision the magnitude of the nosocomial infection problem in U.S. hospitals 
and the cost-benefit of establishing infection surveillance and control 
programs .in all of them. Overall, we estimate that on an annual basis in the 
mid-l970s there were just over 2.1 million nosocomial infections per year in 
all short - term general medical and surgical hospitals in this country (4l). 
To give you an idea of the magnitude of this number, in 1976 there were 
approximately 4 times more nosocomial infections than there were hospital 
admissions for acute myocardial infarction, and slightly more than admissions 
for all cancers and for all types of accidents. 

Table 24-4. fstl.ated extra days, extra charges, and deaths attributable to nosoc~lal Infections annually In U.S. hospltah 

Extra dalls £xtra Charges Deaths 
Avg. extra Avg. extra Infections Infections 
charges per charges per £st. U.S. dlrectlll causing death contributing to death 

Avg. per £st. U.S. Infection In Infection In total In £st. u.s. £st. u.s. 
Infection* totalt 1975 dollars* 1985 dollarst 1985 dollarst PercentS . tot a lt Percent§ totalt 

Surgical 
Wound 7.8 3,980,240 $897 $2,937 $1,499,000,000 0.64 3,251 1.91 9, 726 
Intectlon 

PneU~M~nia 4.9 1,119,709 $1,270 $4,158 $944,000,000 3.12 7,087 10.13 22,983 

Bactere~~la 7.4 759,256 $935 $3,0£11 $315,000,000 4.:n 4,496 8.59 8,844 

Urinary 
Tract 1.0 892,532 $181 $593 $535,000,000 0.10 947 0 . 72 6,503 
Infection 

Other site u 1,271,585 __!ill 1!.....lli 1524,000,000 0.80 3,246 2.48 10,036 

All sites 3. 71 8,023,332 $5421 $1,7771 $3,817,000,000 0 . 901 19,02£1 . 2. 701 58,092 

*Adapted from Haley et al.(~) by pooling data from the 3 S£NIC pilot study hospitals. 
t£stl~ted by ~ltlplylng the total nunber of nosocomial Infections estl~ted In the S£NIC Project (~ by the average extra 
days, average extra charges, or the percentage of Infections causing or contributing to death, respectively. 

tl985 dollars estl~ted from Haley et al. (~)by pooling data from the 3 hospitals and adjusting for the annual rate of 
Inflation of · hospltal expenses from 197£1 to 1985 (range 10 .4 to 19 . 1 percent) obtained fra. the AMerican Hospital 
Association's Nationa l Panel Survey. 

§Unpublished analyses of data reported to the Nati onal Nosocomial Infections Study (NNIS) In 1980-1982 
~Mtlonwlde estl~te obtained by sumnlng the products of the site-specific estl~te of the average extra days, average extra 
charges, or the percentage of Infections causing or contributing to death, respectively, fra. the S£NlC pilot studies (~) and 
the nationwide estl~te of the proportion of nosocomial Infections affecting the site fra. the .aln S£NIC analysis (~. 

Taking the most conservative estimates of the hospitals costs due to 
nosocomial infections --which hospitals do not recover under prospective 
payment by ORGs - the average nosocomial infection will cost approximately 
$1,800 in 1985 (38- 42, 53_). By multiplying by the expected number of 
infectil)ns, this will cost the average 250-bed cornnunity hospital over a 
quarter of a milli on dollars per year, and the nationwide cost is over 3.8 
billion dollars (53). From the SENIC findings, we estimate that approximately 
one-third of this can be avoided by the establishment of intensive 
surveillance programs (49) . 
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As for mortality, on a nationwide basis an estimated 20,000 inhospital 
deaths were directly attributable to nosocomial infections in patients with no 
other cause, and in an additional 60,000 deaths n6socomial infections 
contributed to death but were not the only cause (53_). Unfortunately. since 
nosocomial infections are usually not recorded on the face sheet of patients' 
medical records and are almost never recorded as a cause of death on a death 
certificate, these deaths are not counted in our nationwide systems of vital 
statistics. If they were, nosocomial infections that directly cause death 
would rank just below the tenth leading cause of death in the U.S. population 
(53). If some portion of those that just contribute to death were also 
counted, it would rank as high as fourth, just after heart disease. cancer and 
stroke. 

THE TEN LEADING CAUSES OF OEAlH 
IN THE U.S. POPULATION (60) 

~aus~_ of Death ---------
l . Heart disease 
2. Cancer 
3. Stroke 

Nosocomial infections* 
4. Chronic lung disease 
5. Pneumonia and influenza 
6. Motor vehicle accidents 
7. Other other accidents 
8. Diabetes mellitus 
9. Suicide 

10. Chronic liver disease 
Nosocomial infectionst 

.Estimated 
~~aths, 1982_ 

756,000 
434,000 
158,000 
80,000 
59,000 
49,000 
49,000 
46,000 
36,000 
28,000 
28,000 
20,000 

*Includes infections that were the main cause of death 
as well as those that only contributed to death. 

tlncludes only those that were the main cause of death. 

By applying the SENIC estimates of efficacy to these measures of the · 
nationwide morbidity and mortality of nosocomial infections. we estimate that 
the establishment of the most effective infection surveillance and control 
programs in all U.S. hospitals would result jn the prevention of approximately 
732,000 nosocomial infections and at least 5,000 premature deaths annually 
(49, 53). 
-- Gfven these findings. it would now seem prudent for every U.S. hospital 

to establish an epidemiologic surveillance unit to generate an ongoing 
aggregate view of infection risks and regularly report this informati~n to the 
private physicians on the staff. This in turn would allow the physicians to 
take measures to reduce their patients' infection risks that they would not 
have taken in the absence of such a program. 

Notice that the strategy that has been validated here is diametrically 
opposite that which underlies the PSRO movement and related peer -review 
strategies. These assume that some physicians either cannot or will not act 
responsibly and therefore a colleague with presumably greater insight or skill 
must review his or her cases to detect errors and take corrective or punitive 
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measures to reduce such problems in the future. The view that I have 
described ~nd that I think is validated by the results of the SENIC Project is 
that, because of the increasing complexity of modern technological medicine, 
there is a dimension of clinical problems with which the physician cannot deal 
ef fecti vely without supplementary information obtained from aggregate analysis 
of his or her patients, but that given this aggregate view, physicians will 
act earnestly and skillfully in the interests of their patients. An infection 
control program, with an infection control nurse to collect and analyze 
surveillance data, is merely an example of a team employed by the hospital to 
generate this aggregate view as it relates to one particularly serious and 
costly medical problem. The model could and should be generalized to other 
problems as well. 

The Future 

To conclude, let me predict what is going to happen in the next few years 
as a result of these and other related developments. First, I think that the 
release of the findings of the SENIC project, appearing now just at the height. 
of the financial squeeze on hospitals by the new DRG -based prospective payment. 
system, is going to substantially increase the conrnitment.s of hospitals to 
their infection surveillance and control programs. Infection control 
constitutes one of the rare double-win measures - - reducing hospital costs while 
at the same time improv_i_ll9. patient care -and hospital administrators are going 
to recognize this. 

Second, I think the new epidemiologic methods and findings are going to 
have an even broader impact in hospitals than just the control of infectious 
complications. Presently, there is an increasing emphasis on quality 
assurance programs and risk management programs to improve the quality of 
hospital care. Unfortunately, most of these efforts are being run on the old 
PSRO/peer- review audit concept that will never have any real impact. 
Hopefully, the more scientifically based technologies that have grown up and 
have now been validated in infection control will be applied to these other 
activities as well, to move them into a more productive direction. 

More specifically, I can foresee the day when all of these offices -
infection control, risk management, quality assurance, utilization review, and 
others - -will . be replaced whole~ale by a new department of clinical 
epidemiology. Its responsibility will be to generate an ongoing and 
comprehensive analysis -· -the aggregate view--of diverse problems for the entire 
hospital staff. As a result, current ineffective methods of medical audit. 
will be reduced or phased out entirely. Given the rapid advances in the 
~ophistication and usefulness of computers and the new statistical methods 
from epidemiology, I think that the technology to do this in a comprehensive 
way is available today. 

And finally, in view of the computing power that I have on my desk today, 
I think it is not too unrealistic to picture the practicing physician of 
tomorrow -perhaps our present. medical students who took "computer literacy" 
back in elementary school - eventually to generate the aggregate view of their 
own private practices. Today many physicians are managing their entire 
medical records and billing systems with an integrated office computer 
system. Why not add some carefully thought out patient -care parameters and a 
standard monthly or yearly epidemiologic analysis program -the aggregate view 
almost at the bedside- -for predicting the most: effective antibiotic to use in 
certain situations, for a surgeon to monitor his operating technique, for the 
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hematologist to assess his own patients enrolled in treatment protocols, for 
more precisely guaging doses of nephrotoxic drugs? These are but a few 
examples of complex clinical problems that will eventually be managed far more 
skillfully by physicians with computerized access to the aggregate view of 
their own clincial practice, combined with aggregate databases from their 
hospitals, the conrnunity or the country. · 

Regardless of exactly what shape these deve.lopments take, it is clear 
that clinical epidemiology, coupled with new generations of computers that are 
right around the corner, will become an important force to give us the 
aggregate view in clinical medicine, certainly before the end of this century, 
and possibly even by the end .of this decade. 
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