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I N T R O D U C T I O N  

In the early nineteen fifties the hospitals became increasingly in- 
fected with antibiotic resistant staphylococci, especially the maternity 
and surgical wards. Epidemics of postoperative wound infections were 
reported where the infection rates exceeded 30 per cent. (By epidemic 
is generally meant that more than &8 per cent of operated patients 
become infected.) If comparabIe types of operations are investigated, 
it is, however, questionable if the increase of infection rate during the 
last 15-20 years is real, rather than merely apparent (1, 3, 5, 1 0 ) .  

Many studies concerning staphylococcal infections in general surgery 
have been published, including several from Scandinavia (3, 7,  8, 13) .  
However, similar investigations in orthopaedic surgery are rare. Of 
3,290 orthopaedic operations performed during 1959 at S :t Mary’s Hos- 
pital, Rochester, Minnesota, 1.7 per cent were postoperatively infected 
( 4 ) .  I have only been able to find two other investigations, both from 
England (11) ,  where 208 and 131 patients were operated upon and the 
postoperative infection rates were 2.9 per cent and 5.4 per cent respec- 
tively. 

During the last decade the use of phage typing of staphylococci has 
increased. Aided by this and the antibiogram, i .e. the antibiotic-chemo- 
therapeutic resistance pattern of bacteria, different groups of staphylo- 
cocci can be distinguished, and the routes of infection can be more 
thoroughly mapped. 
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P R E S E N T I S V E S T I G 4 T I 0  K 

Ma 1 er ici I un tl dI r 111 ods . 

Since 1959 in the Orthopaedic Department of S:t Goran's Hospital 
we ha\ e used Report-of-infection-cards to register all operations on in- 
patients. On these cards arc recorded, among other things, the per- 
sonnel working in the operating theatre during the opcration. The ward 
surgeon records on the card if the wound has  healed per primam or if 
it has become infected. In  the latter case he gives a short description of 
the infection. This is supplemented by information regarding the or- 
ganism cultured, the course of infection, and the final result of opera- 
tion. 

The Bacteriological Laboratory has  since 1959 perfornied phage type 
and antibiograin on all cultures tha t  have been positive for Staphylo- 
coccus aur(ws. ,111 such  cultures from the Or thoped ic  Department havc 
h e n  registcrcd on special lists together with the results of nose cultures 
regularly taken from the personnel working in the operating theatre 
and the wards. The laboratory-records include all kinds of staphylo- 
coccal infections but by means of the clinical charts it has been possible 
to selcct a11 thost. infections which occurred postoperatively. 

1 ha \ e  thus had access to two different systems of registration: the 
report-of-infection-cards, and the records from the Bacteriological La- 
boratory. Because of this double registration it is unlikely that any in- 
f cc ti on of i in 1 lor t a n c e has be en over loo k e d . 

Frr,quc>ncy of Il'oiind Inf t~ct ion,  

In three years ( f rom the third quartcr of 1959 to the second quarter 
of 1962) thcrc h a \ c  been 1,925 operations on in-patients in the Ortho- 
pacdic Drpartnicnt. -4 few cases that were preoprat ively infected are in- 
cluded in  this figure. Closed reductions and various kinds of percutane- 
ous olwrations are excluded. In  75 cases (3.9 per cent) wound infection 
due to 5tal)hylococcus aureus occurred postoperati\ely. There have only 
1)cen a few c a w s  oi wound infection due to other bacteria and no cases 
caused by P-h:teniolytic streptococci. The infection rate for men was 
3.6 per ccmt and for voman  4.2 per cent; thus, there is no significant 
differcinct,. Thc infection rate increases markedly with age (Fig. 1 ) .  

Fig. 2 i1lustr:itc.s the quarterly infection rates during thc three years 
of this in\ c-+tigntion. Thc infection rate has been higher during the 
fourth to the eighth quartcr than during other parts of the observation 
time. >I similar incrcasc \ \ i l l  al)pear even if only those cases arc in- 
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Fig. 1 .  
Frequency of staphylococcal wound infections in d i f ferent  age groups 

(1,925 operations). 

FREQUENCY OF INFECTIONS 
----- I1 SEVERE INFECT IONS 

Fig. 2. 
Frequency of wound infection quartely during a three years' observation period 

(1,925 operations). 

cluded where the final result has been affected by infection. This con- 
tradicts the supposition that the increase is due to increased care and 
attention and to an increased frequency of bacterial cultures during 
that time. In the fourth and the fifth quarters the infection rate has 
exceeded 6 per cent, so by the definition given above one can speak of 
an epidemic of wound infection during this time. 

Frequency of wound infection in different body regions. 

Table 1 shows the distribution in different regions. Operations in hip, 
spine and thigh-knee have had the highest infection rate. 
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TABLE 1 
Frequency of wound infect ion in d i f f e r e n t  b o d y  regions.  

Hegion 1 Number of ~ Number of Frequency of 
~ operations infeetioils irilection 

Hip ............................ 528 31 5.9 
Spine ......................... 288 15 5.2 
Thigh-knee .................. 241 11 4.5 
Calf ........................... 183 5 2.7 
Foot ........................... 481 13 2.7 
Arm ........................... 124 0 0 
Other ......................... 80 0 0 

Total .......................... 1,925 75 3.9 

Time of Onset of Infection. 

In 47 cases (63 per cent) deep infection appeared soon after the ope- 
ration. In these cases contamination probably occurred a t  the time of 
operation. In the remaining 28 cases (37 per cent) the infection did not 
appear until after the first change of the dressing. In these cases conta- 
mination in the wards cannot be excluded. 

Results of MTound Infection. 

In Table 2 I hare tried to show the consequences of the infections. In 
37 per cent the infection has compromised the result of the operation. 

TABLE 2 
Consequences of w o u n d  infect ion.  

Postoperative course not affected b y  infection ..................... 25 33 
Postoperative course but not f inal  result affected b y  infection 22 30 
Final result affected by infection ....................................... 28 37 

Staphylococcal Strains. 

With reference to phage patterns and antibiograms the isolated sta- 
phylococcal strains have been divided into different groups and sub- 
groups (Table 3 ) .  
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TABLE 3 
Presence of staphylococci with certain definite phage patterns and antibiograrns in 

connection with wound infections following orthopaedic operations. 

Antibiogram Number 
Pc Str Tet  1 O f i n f .  

I l a  52/52A/80/KS 6 3 3 3 3 5 
I b  52/52A/80/8l/KS 6 0 1 a 3 4 

I1 3 A/3 B/3C/55/7 1 3 3 3 3 3 
111 I11 a 6/7/42u47/53/75/77 3 1-2 3 3 26 

111 b 6]7/47/53/54/75/77 1 1 0 1 5 

Other Varying (fewer than 3 cases of infection per phage 
patternlantibiogram type) and non-typable 32 

Italic figures and letters indicate those phages most regularly causing lysis. 
S Sulphonamides. Pc Penicillin. Str Streptomycin. Te Tetracyclines. 

Many staphylococcal strains especially in group 111 but also in other groups react 
with such common and uncharacteristic phage patterns that a more detailed typing 
of them is not possible. Such strains with similar patterns can sometimes be diffe- 
rentiated by the antibiogram, e.g. those strains in Table 3 indicated by sub-groups 
I a and I b and 111 a and I11 b. The figures in the antibiogram mark the degree of 
sensitivity of the bacteria to the antibiotics-chemotherapeutics mentioned, 3 indi- 
cating full sensitivity and 0 full resistance. 

In this material one staphylococcal strain in group 111, named sub- 
group I11 a, has been the most common cause of infection among these 
staphylococci that have been possible to phage type. The frequency of 
wound infections by this strain shows a heavy increase during the 
fourth and fifth quarter (Fig. 3). 

Fig. 3. 
Quarterly frequence of wound infections caused by staphylococci belonging to 

subgroup 111 a. 

20 ACTA ORTH.  XXXIV, 3 
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Fose cultures Number of persons 

Association of Surgeon to Wound Infection. 

The incidence of wound infection for different surgeons has varied 
widely (Table 5 ) .  

TABLE 5 
Incidence of infection for d i f f e r r n t  surgeons. (Only those w h o  have performed more 

than 100 oprrations are included.) 

Incidence of infection Incidence of primary 
'!O infection (see text) ' lo Surgeon 

A ................. 
B ................. ,. 
I, ................. 
1) ................. 
E ................. 

8.3 
4.5 
4.1 
3.8 
3.5 

8.3 
2.2 
1.9 
0 
2.5 

F ................. 3.4 2.0 
G ................. 2.7 2.0 

Surgeon A has had a much higher infection rate than the others. This 
difference becomes even more pronounced if only those infections are 
included where the contamination seems to have occurred during the 
operation (see above). In Table 5 these infections are called primary 
infections. 

The results of the nose cultures from the personnel show that all 
surgeon A's nose cultures and repeated nose cultures on surgeon F 
showed staphylococcus I11 a. A worked in the department during the 
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above mentioned epidemic and he took part in 9 of the 10 operations 
which during the fifth quarter became infected by this organism. F 
did not work in the department during the epidemic but two patients 
he operated upon during the second quarter became infected by the 
same strain. Intermittently, surgeon G has had in his nose a strain 
belonging to group 11. One patient operated by him became infected by 
staphylococci belonging to this group. I have been unable to find any 
other associations between staphylococci from personnel and from 
wounds. 

D I S C U S S I O N  

I have tried to illustrate the clinical features and epidemiology of the 
postoperative staphylococcal infection in an orthopaedic department. 

The frequency of infection has varied considerably during the three 
years of this investigation. Previous investigations ( 4 , 6 , 9 )  have shown 
that contamination of the wound has generally occurred during the 
operation. This also seems to have been the case in our material, as 2/3 
of the infections appeared in close connection with the operation. 

Several authors have shown that the source of wound contamination 
often can be traced to nasal carriers among the operating theatre per- 
sonnel (2 ,  4, 6, 9, 1 2 ) .  The outbreak of infections during the fourth 
and the fifth quarters can be assigned with great probability to a cer- 
tain surgeon being a permanent nasal carrier of a strain belonging to 
group 111. Unfortunately, no culture was made from his skin, but as he 
had a hand eczema during this period it is not improbable that he was 
also a so-called skin carrier. Such persons increase the risk of infection 
in the operative field because of the well-known high percentage of 
glove puncture (2 ,  1 1 ) .  

Among the operation personnel, 44 per cent have been almost per- 
manent, and a further 42 per cent intermittent nasal carriers of staphy- 
lococci. Under such circumstances it is not feasible to exclude all car- 
riers of staphylococci from work in the operating rooms. Carriers of 
strains frequently causing wound infection should, however, be care- 
fully observed and should not take part in the operative work if they 
manifest the slightest sign of skin or respiratory infection. 

I have not been able to show any clear routes of infection in the 
wards, but the reason for this may be paucity of data. Nor have I been 
able to investigate the significance of nasal carriers among the patients 
because cultures were not done on them. It  has been stated that there 

20' 



296 LARS H b F  

is a higher frequency of postoperative infections among staphylococcal 
carriers than among other patients ( 1 1 ) .  

I have found that the wound infections have been registered carefully 
on the report-of-infection cards, but the system has proved unneccessa- 
rily laborious and the cards difficult to survey. I therefore recommend 
the following simplifications : 

1. The report-of-infection cards should he abandoned and instead 
the names of the personnel present a t  the operation should he noted in 
the patients' chart or anaesthetic record. 

2. Bacterial cultures should continue to be taken from all wounds 
that are suspected of infection. h copy of all positive bacterial cultures 
from in-patients should he sent to the Infection Committee, i.e. a sur- 
geon and a bacteriologist. 

3. All  postoperative infections should be recorded in an infection re- 
gister including such tacts as may sumequently lead to the establish- 
ment of routes of infection. 

The number of post-operative wound infections in our department 
has been about two per month, and bearing in mind the serious conse- 
quences that they bring, the increased work in registering infections is 
certainly worth while, if it leads to the sourccs of infection and effec- 
tive coun ter-measu res. 

s I' M hl A H Y 

Almost 2,000 orthopaedic operations covering a three year period 
were studied for postoperative wound infection. The incidence of post- 
operative staphylococcal wound infection was 3.9 per cent. The inci- 
dence increased greatly with age but there was no significant difference 
in sex-incidence. Operations on the hip, spine and thigh-knee showed 
the highest frequency of infection. In two thirds of the cases the course 
of infection indicates that the bacterial contamination occurred during 
the operation. The final result of operation was impaired by the wound 
infection in more than one third of the cases. During the three years 
in question there was an epidemic of infections caused by staphylococci 
of phage type 6147153175 belonging to group 111. In most of these cases 
the contamination seems to have been transferred from a surgeon who 
was a chronic carrier of this strain. Finally, a suitable method of re- 
gistering postoperative wound infection is discussed in order to facili- 
tate the detection of an  increased frequency and appropriate counter- 
action. 
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R E S U M E  

2.000 opkrations orthopkdiques environ, s’ktendant sur  une pCriode 
de trois ans, ont CtC CtudiCes par rapport aux infections post-opCra- 
toires de la plaie. On a constate une frkquence d’infections staphylococ- 
ciques post-opkratoires de la plaie de 3,9 pour cent. La frkquence aug- 
mente beaucoup avec I’gge, mais il n’y a aucune diffkrence entre les 
sexes. Les opCrations de la hanche, de la colonne vertkbrale et  de la 
cuisse-genou accusent la frkquence la plus ClevCe d’infection. Dans 
deux tiers des cas, 1’Cvolution de l’infection montre que la contamina- 
tion bactCrienne a eu lieu pendant I’opCration. Le rCsultat final de 
l’intervention a Ctk diminuC par l’infection de la plaie dans plus d’un 
tiers de ces cas. Durant les trois annCes en question, il y a eu une Cpi- 
dCmie d’infections causCes par staphylococcie du type 6147153175 ap- 
partenant au groupe 111. Dans la plupart des cas, la contagion semble 
avoir Ctk transmise par un chirurgien porteur chronique de ce type. I1 
est discut6 pour terminer d’une mCthode permettant d’enregistrer les 
infections postopiratoires de la plaie afin de faciliter la dkcouverte 
d’une frkquence accrue et de pouvoir prendre des mesures approprikes. 

Z U S A M M E N F A S S U N G  

Fast 2000 orthopadische Operationen, die wahrend einer dreijahrigen 
Periode ausgefuhrt worden waren, wurden hinsichtlich postoperativer 
Wundinfektion untersucht. In 3,9 Prozent trat eine postoperative 
Wundinfektion mit Staphylokokken auf. Das Auftreten nahm sehr mit 
dem Alter zu, aber kein Unterschied hinsichtlich der Geschlechtsver- 
teilung konnte beobachtet werden. Operationen an der Hiifte, Wirbel- 
saule und Oberschenkel-Knie zeigien die haufigsten Infektionen. In 
zwei Drittel der Falle wieste der Verlauf der Infektion darauf hin, 
dass die bakterielle Verunreinigung wahrend der Operation geschah. 
Das Endergebnis der Operation wurde durch die Wundinfektion in 
mehr als einem Drittels der Falle herabgesetzt. Wahrend der hier in 
Frage kommenden drei Jahre entstand eine epidemische Infektion, die 
durch Staphylokokken der Phagustype 6147153175 zur Gruppe 111 ge- 
horig hervorgerufen worden war. In den meisten dieser Falle scheint 
die Infektion von einem Chirurgen, der ein chronischer Trager dieser 
Abaft war, iibertragen worden zu sein. Am Schlusse wird eine brauch- 
bare Methode zur Registierung von postoperativer Wundinfektion be- 
sprochen, die es moglich machen sol1 die Entdeckung einer erhohten 
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Haufigkeit und die Durchfuhrung entsprechender Gegenmassnahmen 
zu erleichtern. 
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