Infection   in   Surgery

A surgical infection is an infection that requires surgical treatment and has developed before, or as a complication of surgical treatment. The microorganisms commonly encountered in surgical infection are the staphylococci, streptococci, clostridia, bacteroides and enteric bacteria.

Surgical Infection: Common Questions

Suppuration of surgical wounds is often and sometimes fatal complication. It can prolong time of inability, cause recidives of the disease, postoperative hernia, dehiscence of sutures, sequestration of transplants, peritonitis or sepsis. The incidence of suppurative wounds is 2 to 50% depending on internal and external factors.

After uncomplicated appendectomy and normally healed wound the patient leaves hospital after 6-7 days. If the wound suppurates, the patient is treated for about 20-30 days. Treatment of such complication is very expensive.

Every person during his life becomes ill with some purulent disease, and sometimes more than once: furuncle, abscess, etc. These diseases do not form long-term immunity, so one can have them again and again.

100-130 years ago purulent wound infection was true scourge  of surgery. About 60-80% of all wounds were becoming infected, and the patients were dying even after such  simple operations as herniorrhaphia. The number of purulent complications decreased dramatically after introducing antisepsis and later asepsis. However, neither could completely protect the wound from infection.

Purulent diseases should be treated as contagious.  A patient after clean operation must not be placed together with a patient with suppurated wound or some other purulent process. In large hospital is advisable to establish special wards for treatment of purulent diseases and postoperative complications.  We have such ward in our hospital. It is The Lithuanian Center of Surgical infection. Here are treated patients from other Lithuanian cities.

With the discovery of antibiotics fighting with purulent microorganisms became easier. Antibacterial prophylactics decreased the incidence of suppuration after clean operations down to 0,1-2%.

Classification of surgical infection

1.
Acute surgical infection

a)
acute non-specific purulent infection (furuncle, carbuncle, abscess after

injection, etc.)

b)
acute anaerobic infection:

1)
clostridial (gas gangrene);

2)
non-clostridial (myonecrosis, cellulitis)

c)
specific surgical infection (tetanus, anthrax)

2.
Chronic surgical infection

a)
non-specific
b)
specific (syphilis, tbc, actinomycosis)

Relative to extent of the infection:

1.
Local surgical infection

2.
generalized surgical infection

Relative to involved tissues:

1.
skin and subcutaneous infection (erysipelas, pustules, furuncles, carbuncles, abscesses, phlegmone, hydradenitis)

2.
infection of tendons (tendovaginitis)

3.
muscle infection (myositis, myonecrosis)

4.
bone infection (osteomyelitis)

5.
infection of parenchymatous organs (liver, kidneys, rarely spleen)

6.
Infection of natural cavities (pleuritis, peritonitis)

7.
infection of blood  vessels (thrombophlebitis)

8.
infection of lymph vessels and nodes (lymphangitis, lymphadenitis)

Relative to microorganisms:

1.
streptococcal

2.
staphylococcal

3.
colibacterial

4.
caused by proteus vulgaris

5.
caused by Pseudomonas aeruginosa

6.
mixed, etc.

Relative to final outcome:

1.
self-limiting infections

2.
serious   infections requiring treatment

3.
fulminant  infections

Relative to time of ‘onset:

1.
preoperative surgical infection

2.
operative surgical infection:

a)
preventable - failure of the surgeon or operation room personnel

a)
nonpreventable- from endogenous sources

3.
postoperative surgical infection

a)
surgical  wound infection

b)
respiratory tract infection

c)
urinary tract infection (UTI)

It is essential to distinguish two terms: contamination and infection. Contaminated wounds have microorganisms in them. Infected wound not only has microorganisms in it, but the inflammation process has developed in the tissues around the wound, and there are all signs of inflammation: redness, swelling, heat and pain.

The presence of microorganisms does not necessary lead to the development of the infection process. Some people have Shigella dysenteriae in the intestine, but not every one of them gets ill with dysentery. The same is with surgery. Almost all wounds are contaminated with bacteria from the skin and the sources external to, patient. However, very few wounds become infected. The major clinical responses to wound infections are the suppuration and invasion. Bacteria grow in the wound on substrates  consisting of blood cells, clots and necrotic debris.

The hazard of generalized infection is associated with all traumatic wounds.

Whether or not will the infection inflammation process develop depends mostly on the 3 factors: 

number of microorganisms,

their virulence’ 

and the organism’s resistance.

This dependency can be visualized by an equation, vulgar  fraction: the numerator   is the multiplication of the count of microor- ganisms and the virulence of them, and the denominator is organisms resistance.

The greater is the count of microorganisms and their virulence, and the lower is host resistance, the higher is the probability of inflammation and suppuration.

The greater is the number of bacteria introduced into the host, the greater is the amount of pre-formed toxins that will be carried along. Preformed toxins may protect bacteria from destruction during the period when they are adapting to new environment and are incapable of producing additional toxin. The resistance of the host is shown in the ability to keep bacteria out of the body initially and, falling in this, to localize and destroy them.

     A healthy unbroken skin is the first line of resistance. Although mucous membranes  are less resistant, even here minute breaks usually provide for bacterial entry. 

     After the bacteria intrude into the tissue the  active defensive measures come into play.  Primary defenses include the system of fixed phagocytic cells e.g. (id est)  the histocytes of the reticuloendothelial system and mobile phagocytes. The are aided by antibacterial substances in blood plasma, lymph and interstitial fluid, by physical barriers to the spread of bacteria and by local and systemic reactions such as hyperemia, fever, and leucocytosis.

     Secondary defences are dependent upon the presence of specific antigen stimuli (bacteria and bacterial products). The antibodies formed in response to these antigens inhibit  or destroy bacteria, or neutralize  their toxins.

     In the presence of sufficient antibodies, the primary defences  are greatly accelerated, bacteria are phagosytized and digested more quickly than before, and the ability of serum to neutralize bacterial toxins is increased many thousand fold.

     Bacteria cause disease by invading tissues and producing toxins. Bacterial invasion leads  to demonstrable damage of host cells and tissues in the vicinity  of the invasion. Bacterial toxins are transported by the blood and lymph to cause cytotoxic effects at sites removed from initial focus (lesion).

     Species such as Streptococcus pyogenes are both invasive and toxigenic.

     Staphylococcus aureus produces local damage but has little tendency to spread, although the local inflammatory response may be severe as in the case of carbuncle.

     Clostridium tetani is almost solely  toxigenic.

     Generally, invasiveness and toxigenicity are not completely separable, since invasion involves some degree of bacterial multiplication.

The phases of purulent inflammation 

Microorganisms that get into the organism yield inflammatory process. An inflammation is a general organism’s reaction, which is caused by various factors, including infection, and is manifested by certain local signs.

The first phase of purulent inflammation is inflammatory infiltration. The focus of inflammation is fenced by leukocytes, fibrin and exsudation. They prevent further spreading of infection.

After microorganisms get in to tissues the immunologic reaction develops. It begins with migration of leukocytes towards the penetration place. This process is called chemotaxis. It stimulates other local immunologic processes, including phagocytosis First the polymorphic-nucleus leukocytes   are migrating there, later monocytes begin prevail. Monocytes together with lymphocytes stay in the site of infection for a long time, while polymorphic leukocytes die quickly.

As inflammation progresses, the permeability of blood vessels cells grows. This increases the amount of exsudation and disturbance of local blood circulation. Proteolytic enzymes emerge from necrotic cells and microorganisms and cause tissue  necrosis. The result is a cavity with purulent exsudation. This is the second phase of purulent inflammation - formation of abscess. 
When an abscess opens to outside or is opened surgically by incision, the process continues as purulent wound healing.

The third phase is wound clearance. The necrotic tissues are destroyed and removed from the wound.

During the fourth phase primary joining tissue ‘elements are appearing, and granulation are developing.
The fifth phase is characterized by maturing [mê’tssuinn] of joining tissue elements, formation of scar and wound epithelization.
In summary, there are 5 phases of purulent inflammation:

I    -   inflammatory infiltration

II   -   degeneration, or abscess formation

III  -  decay [di’kei] of necrotic tissue and clearance of it

IV  -  formation of joining tissue elements and granulation

V   -  maturing of joining tissue, formation of scar and epithelization.

As practice shows, the inflammation process may fade away in the infiltration phase in 1 or 2 hours or several days. If the process goes further, it takes at least  5 to 7 days, and may last up to several months. If a big skin area is affected, the slow-healing ulcers may form.

D i a g n o s is 

There are classic signs of infection: redness, swelling, heat and pain. Loss of function is another sign  of infection. The patient immobilizes the painful  part in the most comfortable position. Examples: a finger with an infected tendon sheath is kept flexed. In peritonitis the abdominal muscles are maintained in a state of tonic contraction to keep the inflammated peritoneum beneath from moving.

The tissue infiltration grows, then the center of the affected area becomes soft and fluctuating. The skin in  that place becomes cyanotic or yellowish. The pain gets worse, and the first night without sleep usually indicates that the infiltration is abscessing. At that time conservative therapy becomes hopeless. The abscess must be opened surgically.

Fever and chills indicate septicemia, while an elevated pulse rate is a sign of toxic state. The more severe the infection the greater is the leukocytosis. However, in the

severely ill patients, when the organism is in immunosupressive state the white blood cell count may be low. Leukopenia occurs due to bone marrow depression in case of high bacterial toxigenicity.  Although the total number of leukocytes in such cases is normal or lower, there is preponderance [prê’pondêrêns] of immature [‘imê’tjuê] granulocytes. It is called “shift to the left”.

When abscess is opened, the body temperature decreases to normal slowly (lytic decrease) or falls down quickly (critic decrease). If the temperature does not decrease, it may be due to unopened cavities left in abscess or other abscess somewhere else. It is necessary to inspect the patient thoroughly, revising wounds under good 

anesthesia, making additional incisions if necessary, ensuring good conditions for wound clearance and drainage.

If the temperature remains high, especially in the evening, or even worse if the temperature falls down while state of the patient is getting worse and his heart rate is increasing to not match the temperature, then you might suspect sepsis - a generalized purulent infection of the organism.     Exsudation from the area of infection  should be examined. The microorganisms causing surgical infection often may be seen microscopically on gram-stained smears. The staining and examination of slides are simple, rapid, nonexpensive procedures that provide valuable and immediate information for the surgeon. The laboratory should be requested to do aerobic and anaerobic cultures and antibiotic sensitivity tests.

Transient bacteremia accompanies many infections. Blood culture taken right before or at least at the time  of chill and fever is often helpful in identifying the micro-organisms that caused the infection.

Biopsy is useful in establishing the diagnosis of specific surgical infection such as tbc, syphilis and mycosis.

      The local purulent process clinically manifests by all signs mentioned earlier: redness, swelling, heat and pain. The tissue infiltration grows, then the center of the affected area becomes soft and fluctuating. The skin in that place becomes cyanotic or yellowish. The pain gets worse, and the first night without sleep usually indicates that the infiltration is absceding. At that time conservative therapy becomes hopeless. The abscess must be opened surgically.

      When abscess is opened, the body temperature decreases to normal slowly (lytic decrease) or falls down quickly (sritic decrease). If the temperature does not decrease, it may be due to unopened cavities left in abscess or other abscess somewhere else. It is necessary to inspect the patient thoroughly, revising wounds ander good anesthesia, making additional incisions if necessary, ensuring good conditions for wound clearance and drainage.

    If the temperature is remaining high, especially in the evening, or even worse if the temperature falls down while state of the patient is getting worse and his heart rate is increasing to not match the temperature, then you might suspect sepsis - a generalized purulent infection of the organism.

Depending on localization, an abscess can manifest by various signs. An abscess between bowels can cause ileus, Douglas abscess can show up by diarrhea and often urination or retention of urine, brain abscess - by focal neurologic symptoms.

The following microorganisms can cause surgical infection:                                                    

Aerobes:

a)Gram positive cocci

Staphylococci

S.aureus can cause furuncles,mastitis, osteomyelitis, sepsis, toxic shock syndrome.

S.epidermidis causes wound, urinal tract infection

(UTI),sepsis, suppuration and rejection of artificial alloplants and transplants.

S. saprophyticus (UTI)

Streptococci

S.pyogenes(A-streptococcus)- 63 species(types), causes tonsillitis , wound infection , erysepelas , sepsis.

S.agalactiae(B-streptococcus)-causes severe infection in newborns (sepsis , meningitis ) , in adults-osteomyelitis , abscesses , UTI.

C- , F- , G- streptococci cause sepsis , wound infection ;D-streptococci-sepsis , cholecystitis

S.pneumoniae (pneumococcus) -otitis , mastoiditis ,peritonitis.

b)Gram - negative bacteriae without spores

Corynebacteria - C.diphtheriae causes wound diphtheria , 

Erysipelothrix rhusiopathiae - causes erysipeloid.

Mycobacterium tuberculosis causes human TBC , including bone TBC

c)Gram - positive spore - producing bacilli

Bacillus anthracis causes anthrax of skin , lungs and gastrointestinal tract 

d)Gram - negative bacilli (Enterobacteriae)

E.coli can cause pyelonephritis , otitis , sepsis , inflammation of bile ducts , peritonitis

Proteus group (P.vulgaris , P.mirabilis , Morganella morganii etc. ) - UTI , wound infection , sepsis. Can cause hospital infection.

Klebsiella pneumoniae can cause lung abscess , bronchectasiae , cholangitis , UTI , sepsis

Enterobacter : E.cloacae , E.aerogenes cause wound infection , UTI , meningitis , sepsis.

Serratia marcescens causes respiratory infections , UTI , sepsis , ward infection.

e)Pseudomonades :

P.aeruginosa causes burn and skin defect infection , UTI , septic thrombosis , sepsis.

P.cepacia , maltophilia , fluorescens cause wound infection and sepsis.

Aerobes :

a)Gram positive cocci

Peptococcus and Peptostreptococcus cause wound , brain   liver infections , odontogenic abscesses , peritonitis.

b)Gram - negative cocci

Veilonella parvula often takes part in mixed anaerobic associations

c)Gram - positive nontoxigenic bacilli

Actynomyces israelii causes actynomycosis combined with mixed aerobic and anaerobic infection.

d)Gram - positive clostridial bacilli (clostridia)

C.tetani causes tetanus

C.perfringens , C.novyi , C.septicum , and C.histolyticum cause gas gangrene.

e)Gram - negative non - clostridial bacilli (Bacteroids).

Intestinal bacteroids : B.vulgatus , B.thetaiotaomicron , B.distasonis cause peritonitis , purulent appendicitis , pararectal abscess.

Oral bacteroids : B.melaninogenicus , B.asaccharolyticus , B.oralis , B.buccaliscause brain abscesses , otitis , odontogenic infections.

Fusobacterium nucleatum , F.necrophorum cause brain and liver abscesses , sepsis , female genital infections

Purulent processes often are caused by mixed microflora.

Cellular and tissue reaction in its quantity and quality depends on causal microorganism s group , toxicity and virulence. Germ causes fibrine excretion , formation of granulation’s. It’s possible to decide what kind of germ causes the infection , from the appearance of the exsudation.

Staphylococci form thick yellowish pus. Streptococci and pneumococci form liquid yellow-greenish pus. Pus formed by Pseudomonas aeruginosa is green-to cyan with sweet smell. Pus formed by E.coli is pink with fecal smell , but pure E.coli culture don t have any smell. The unpleasant smell depends on anaerobes and non-clostridial gram-negative bacteroids. TBC exsudation is watery with flakes of fibrine.

Purulent process starts when there is 10  of germs in one gram of wound tissue. But the critical concentration of microbes can be lower if there is blood clots , earth, alien bodies dead tissues , sewing material , synthetic transplants in the wound , or in the host resistance level is decreased. Poor blood circulation in the affected area also decreases resistance to infection. When the edges of the wound are tightly squeezed with sutures , the infection can start with 100000 times less germs than normally.

Local treatment consists of debridement of all necrotic or damaged tissues , drainage of abscesses , removal of foreign bodies and adjunctive therapy with antibiotics. Supportive measures are bed rest , immobilization of the infected part , elevation to promote venous and lymphatic drainage , and relief of pain and sweelling.

Hospital infection

      The term ‘’hospital infection “ has many synonyms : ward infection , nasocomial infection , resistant infection , infectional hospitalism.

  Currently by hospitalism we mean such situation when a patient is infected by microorganisms that have increased virulence and are residing in the hospital. This microflora

is resistant to one or several antibiotics. In German literature it is called “Hauskeimen” , which means “Home microbes”. Before mid-sixties  thehospital  flora  was represented by Staphylococci and the prevailed form of hospitalism  was  staphylococcal. Later , microflora changed , and  Enterococci , E.coli , Proteus , Pseudomonas started to appear more often. Later on , Bacteroides , Staphylococcus epidermidis , Pneumococcus and Candida albicans became hospital infection agents. Nowadays there is usually polyinfectional syndrome.

       According to Daschuer , hospital infection usually manifests :

      - in urinary tract -36,4 % ,caused by E.coli , Enterobacter , Klebsiella , Proteus ,       Pseudomonal aeruginosa.

       -in postoperative wound - 25%

     -in respiratory tract - 15.4% , caused by Klebsiella , Enterobacter , E.coli , Candida

       albicans , haemophilus influenzae               

       -in skin and  subcutaneous fat -7%

       -in other localization - 16%

      Principles of Antibiotic Therapy

       It s not easy to select the most  effective adequate antibiotics as one should take into account many factors which influence the treatment . The following factors are very  important  in the selection of antibiotics :

         - the  location of the pathologic process

          -the character of the pathologic process ( local , widespread , destructive )

     -the character of the microflora ( oxybiontic and  anoxybiotic microbes and their associations )         

          -the purpose of the antibiotics therapy ( prevention or treatment )

          -the time of prescription of antibiotic (before or after the operation )

          -the specter of antimicrobic activity of antibiotic

          -the type of the effect of antibiotic (bactericidal or bacteriostatic )

          -pharmacokinetics of antibiotic ( penetration into tissues , elimination from the orga-nism )

          -the way of administration of antibiotic

          -the dosage of antibiotic

          -the duration of antibacterial treatment

          -the compatibitlity of antibiotics

          -the compatibility of antibiotics with other medicaments

          -the side effects of antibiotics (organotoxicity , teratogenity )

           PROPHYLACTIC     USE   OF   ANTIBIOTICS

         Operation wounds are often infected by a contact. The infection by air has ceased          to have any importance since the rules of aseptics and antiseptics are strictly followed.

          To prevent purulent complications , the maximum concentration of antibiotic must be present in tissues and blood by the time of the operation. It is not right to begin prophylactic antibiotics therapy after the operation. Antibiotics are not effective when used  3-6 hours after the operation.

. By that time microorganisms have already penetrated and adapted in tissues.

           Prophylactic use of antibiotics is useful in operation on hollow abdominal organs , and in cases when a massive spread of microbes is expected during operation on obese patients , in long and traumatic operations , that is in all cases when there is a great risk of wound suppuration. Such risk exists , for example , when a patient s immune system is weak (old age , diabetes , cancer , etc. )

           Prophylactic use of antibiotics is absolutely necessary to affect an anaerobic infection in case of operation on hollow abdominal organs (intestine ).

           The maximum concentration of antibiotic is achieved in an hour and lasts for 2-3 hours after intramuscular injection of  0.5 g  cefaloxin or 0.25g eritromycin.

            After oral intake of  0.5 g  tetracycline or 0.5 g  levomycetin , or 0.3 g  rifampicin , the maximum concentration of antibiotic is achieved in 3-4 hours. Therefore , oral antibiotics are useful when given 2-3 hours before the operation ,but  intramuscular ones should be injected 1 hour before the operation. In urgent cases antibiotics may be injected during premedication.

            The duration of antibiotics treatment depends on the character of operation and on degree of wound contamination. In clean operations such as hernioplastics it is sufficient to inject  antibiotic once. In case of  relatively clean operations , such as planned cholecystectomy or resection of stomach it is recommended to give antibiotics during 24 hours. If during  the operation on abdominal cavity the intestinal contents comes out , this prolongs  antibiotics treatment up till 48 to 72 hours . 

           Antibiotics are selected according to microflora and the ability of drug to accumulate in appropriate organs and  tissues. In abdominal surgery it is advisable to use aminoglycosides combined with semi-synthetic penicillins. In operations on bile ducts -cephalosporines , on the colon - aminoglycosides combined with metronidazole (Trichopol ) in tablets or suppositories.

            In all cases when  patient is operated due to disease of abdominal organs it is necessary to give prophylactically intramuscular Metrogyl or peroral Metronidazole in 1 g dose.

            Prophylactic antibiotics therapy is effective only if it is started before operation. By the time of operation there must be sufficiently high concentration of antibiotic in the site of the operation to destruct the microflora of that site.

            It is worth reminding that antibiotics usage must comply to all rules of aseptics , antiseptics and surgical tactics.

             USE   OF   ANTIBIOTICS   IN   TREATMENT   OF   PURULENT  DISEASES

              It is necessary to give antibiotics prior to operation. Every surgical intervention is performed when the tissue is maximally saturated with antibiotic. Antibiotics are chosen before the operation according to the microflora that is expected to be the cause of the pathological process , and taking into consideration their pharmocokinetics. After the operation they are given accordingly to the results of bacteriological tests. Unfortunately , the answer is received only in 3 or 4 days , and by that time there is no necessity of antibiotics therapy any more - it is too late.

              In  medical practice 2 or sometimes 3 antibiotics have to be prescribed simultaneously. Such cases may include a very aggressive infection , when it is necessary to get antibacterial effect quickly , when there is mixed infection ( for example , if the disease is caused by gram-positive or gram-negative germs simultaneously ) , to avoid the development  of antibiotics-resistant strains of microbes. In such cases antibiotics are chosen  according to their (tables 4 , 5 ) and character of antimicrobic activity (table 7 ). Moreover , it is necessary to check their interactions with other drugs that might be taken while treating purulent desease and accompanying pathology. The tables will help to choose appropriate antibiotics in each case.

        In the beginning it is recommended to prescribe bactericidal antibiotics , later - bacteriostatic.

         When giving several antibiotics simultaneously or in succession they must be selected in a way not to have toxic effects on the same organs or tissues. When  2 or 3 antibiotics are combined , their doses must be no lower than their usual doses. Otherwise the minimum suppressive concentration of antibiotics might not be reached in blood and tissues.

         The optimal time of antibiotics treatment is 5 to7 days. In emergency cases to continue treatment it is recommended to repeat bacteriological tests from the wound and the wound secretion , and test the exact sensitivity of the microbes to antibiotics. Microflora may change , especially when a wound , abscess or phlegmone is treated  in the open way. It is easier to choose new antibiotics if there is a passport of hospital infection , and the sensitivity of the hospital microflora to antibiotics is known. Any additional infection aggravates the disease and makes it is treatment more complicated.

          The microflora of a hospital infection is many antibiotics , especially for those used in that hospital for a long time.

           The usage of the closed method of treatment in case of a purulent disease , or treatment of them in bacteriologically closed environment , can sighnificantly decrease the risk of additional infection.

           Bacteriological tests taken from exsudation or purulent cavities are analyzed in special laboratories.

                  HOSPITALISM

         The following kinds of patients are especially sensitive to hospitalism : 

          -newborns and immature newborns ;

          -patients needing intensive care ;

          -patients with innate (inherited ) or acquired immune deficiency ;

          -burned patients ;

          -patients that had been treated with immunosuppressive drugs 

            (cytostatics , corticosteroids for a long time )

          -patients after x- ray therapy ;

          -patients with cathererized bladder , veans , tracheostomy , intubated and 

          ventilated for a long time ;

          -patients with transplantated organs and joint prostheses ;

          The hospital infection sources are :

    - medical staff taking care of patients , that has their “ home “ - staphylococci on their and throat (nasopharynx ) and enteric microorganisms in anogenital area ;

    - clostridies , including tetanus and gas gangrene clostridies in dust and dirt ;

    - pseudomonas aeruginosa  as  a  “wet “ microbe on wash-basins , baths , towels , basins , floor-cloths , flower-vases ;

    -the most important source is patients spreading hospital infection microorganisms  out of their skin , carious teeth , inflamed toothflesh (parodontosis ) , tonsils , respiratory tract and perineal area .

    Hospital microbes are transferred by contact from patient to patient , from bed to bed, from personnel to patient and back . Aerial transfer plays minimum role here .

    Transfer of pathogenic hospital flora from patient to patient , from bed to bed , is called cross-infection . The longer a patient resides in a hospital , the higher is danger of cross-infection . Therefore it is advisable to avoid pre-operative waiting period or make it as short as possible .

     By superinfection we mean multiplication and increasing virulence of microflora that was recently not spread  and did not act as pathologic microflora . These microbes are taking place of flora inhibited or destroyed by antibiotics , and are hightly-virulent and antibiotics-resistant . Superinfection occurs as a result of excessive and irrational antibiotics therapy .

     The main goals to prevent hospital infection are :

   -stopping of transfer of hospital infection ;

    -increasing organism s immunity to hospital infection . 

