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NOSOCOMIAL  INFECTION

Nosocomial (intrahospital) infections are one of the reasons for complications and prolonged time of hospitalization of the patients and their death. These diseases lead to difficult treatment and great economic losses.

Nosocomial infection is any clinical infection with microbe agent, if it is a result of patient's hospitalization or patient's visitation of a hospital for his treatment or diagnostic.

Main reason of a high level of intrahospital infections:

1. there are many people with low immunity level in a hospital;
2. high level of parenteral treatment and diagnostic methods;
3. widespread treatment by antibiotics and chemoctherapy leads to formin of antibioticresistance strains of infective agents;
4. poor ecological situation which leads to low level of immune system;
5. poor material conditions of the hospitals.
The problems of hospital-acquired, or nosocomial, infections are substantial. At least 5 % of patients hospitalized in all the world acute care institutiotions acquire an infection, The resulting 2 million or more hospital-acquired infections add a significant morbidity, mortality, and economic burden to the outcomes expected, from the underlying diseases alone. Estimates of the direct effects of hospital-acquired infections have been 30,000 or more deaths and $5 billion or more in indirect costs related to excess stay. With respect to the 120,000 or more blood stream infections alone, it has been suggested that they carry such high (25 %) attributable or direct mortality that they represent leading cause of death. 

Criteria for Categorizing Infections as Nosocomial:
1. Infections not present or incubation at time admission.
2. Infections present on admission but acquired from a previous admission.
3. Infections manifest after discharge but acquired during hospitalization.
4. Appearance of new organism in previous infection site – if clinical manifestations persist or worsen.
5. Infection at a new site by the same organism, causing infection at a separate site.
6. Generalizations regarding common specific site infections.
Contingent for Nosocomial Infections:
· Patients

· Medical staff
Place for infection:
· Hospital
· Polyclinic

· Laboratory

-
Blood-donor station

Reasons of infection:
· Contact with patients and carriers

· Violation of sanitary-hygienic and antiepidemic regime

· Violation of sterilization's rules

· Medical profession

-
Accident in a laboratory

Factors that are involved in the development of Nosocomial Infections can be grouped broadly as follows:
1. Host factors.
2. Portals of entry.
3. Microbial factors.
4. Infection sites.
Host factors

A major condition of predisposition to Nosocomial Infections is the primary illness for which a patient is admitted to the hospital: diabetes, malignancies, collagen-vascular diseases, traumatic injuries or burns. The specific illness often predisposes to particular infections. For example, burns and burn wound, burn sepsis.

A more significant host factor that predisposes to nosocomial infections is the immunosupressed status that the result, in patients undergoing therapeutic measures commonly used in hospitals. These includes, but are not limited to, corticosteroids, cytotoxic drugs, immunosuppressive drugs, radiation therapy, and previous splenectomia. Such therapeutic modalities not only may suppress cellular and/or humoral resistance mechanisms but also may be myelotoxic, resulting in profound neutropenia.

Age is also a major host factor. Neonates and the very old are more susceptible to infections, and this is manifested by higher infection rates in these groups.

Portals of entry and mechanisms of transmission

The skin and mucous membranes of body surfaces are effective mechanical barriers to the invasion of deeper tissue by microbes. Microbes that live in a commensal relationship with the host normally heavily colonize such body surfaces. There is evidence that the normal microbial flora may play an important role in protecting the host from colonization and infections by pathogenic microbes – both by their physical presence and by the elaboration of antimicrobial substances specific for certain pathogens. Whenever the intactness of the skin or mucosa in interrupted or disturbed significantly, the mechanical barrier function is weakened or lost, thus is permitting entrance by both flora and environmental microbes.

Mechanisms of transmission are different and we know 2 main modes of transmission:

1. natural (a typical way for infection);
2. artificial.
Natural mechanism of transmission consists of:

· faecal-oral

· airborne
· transmissive

· contact and

· vertical (from mother to foetus).

Artificial mechanism is realized by inhalations, injections, transfusions, instrumental treatment or diagnostic etc.
Classification of nosocomial infections

1.
infective agents:
bacterial viral

protozoal fungous

2. method of infective: 
exogenic 

endogenic 

autoinfection 

metastatic
3. connection with medical operation: 
nonconnect
postnatal

postinfection

postoperation

posttransfusion

postendoscopic

posttraumatic

posttransplacentation

postdializing

burner others

4.
forms of disease:
carriers
asymptomatic
clinical

 middle, severe, very severe

5.
localization of process
local

systemic

sepsis

septicopiemia

6.
duration:
acute

acute-chronic 

primary-chronic

4 groups of nosocomial infections (depending on method of transmission):

· intestinal infections

· infections of respiratory tract

· infections penetrate through skin and mucous membranes

· infections penetrate in different cavities of organism.

Intestinal infections are observed in youngest age: enteritis, enterocolites, which caused by Clebsiella, Staphylococcus, Salmonella, and Proteus.

Infectious respiratory tract: grippe, ARVI, staphylococcal pneumonia, bronchitis, measles, chicken pox, scarlet fever, pertussis, mumps.

Infection, when agents penetrate through skin and mucous membranes: wounds, postoperation and postinjection abscess, purulent meningitis after lumbur punction, hepatitis B, C, D, HIV-infection, tetanus, gangrene.

Infections, when agents penetrate in different cavities of organism: this is a resalt of using of instrumental, endoscopic and other diagnostic methods which are accompanied by trauma of skin and microbes penetrate in sterile area: tracheites, bronchitis, pneumonia, sepsis, otites, conjunctivitis, uretrites, cystitis, pyelonephrites and others.

NOSOCOMIAL 

RESPIRATORY INFECTION
The lung currently accounts for 15 % of all hospital-acquired infections. Nosocomial pneumonia is associated with mortalities ranging from 20 to 50 % and is the most common fatal nosocomial infection. On the basis of epidemiologic studies, it is estimated that about 15 % of all hospital-associated deaths are directly related to hospital-acquired pneumonia. Any reduction in the incidence and mortality from this particular infectious complication would have a major impact upon hospital-associated mortality.

The majority of nosocomial pneumonias are caused by gram-negative bacilli (Table 1). Aerobic gram-negative bacilli cause more than 60 % of nosocomial pneumonias. In fact, gram-negative bacilli accounted for six of the top seven etiologic agents identified in the last reported survey. In rank order, these organisms were Pseudomonas aeruginosa (16.9 percent); Staphyloccus aureus (12.9 %); Klebsiella sp. (11.6 %); Enterobacteriaceae sp. (9.4 %); Escherichia coli (6.4 %). Streptococcus pneumoniae accounted for less than 3 % of the nosocomial pneumonias.

Table 1 Etiological Agents Causing Hospital-Acquired Pneumonia
	Common
	Less Common

	Pseudomonas aeruginosa
	Anaerobic mouth flora

	Staphyloccus aureus
	Streptococcus pneumoniae

	Klebsiella sp.
	Other enteric gram-negative bacilli

	Enterobacter sp.
	Branhamella catarrhalis

Influenza A virus

	Escherichia coli
	Hemophilus influenza

	Pediatric wards: respiratory syncytial virus
	Legionella sp.

Aspergillus


Less frequent etiologies for hospital-acquired pneumonias are also noted in Table 1. Several of these may occur more frequently than generally acknowledged. This potential for underreporting is due to difficulties with the diagnostic techniques necessary for certain etiologic agents. Also, while epidemic viral pneumonia has been recognized in the hospital setting, only with prospective monitoring and careful evaluation of specimens by a diagnostic virology lab can the true incidence of endemic viral pneumonias in the hospital setting be determined.

As with viral agents, the diagnosis of Legionnaires' disease requires special serologic and microbiologic techniques. Although it is generally believed that fewer than 10 % of nosocomial pneumonias are caused by Legionella sp., the true incidence of this infection as a sporadic nosocomial pneumonia is unknown. For example, in hospital settings with contamination of potable water by Legionella sp., this pathogen may account for up to 30 % of all nosocomial pneumonias. Other bacterial pathogens that should be mentioned are Hemophilus influenzae, which occurs with increased frequency in patients with chronic lung disease, but is otherwise rare, and anaerobic bacteria, which may be associated with large-scale aspirations (e.g., during extubation) but are otherwise not considered to be common in this setting.

A number of factors that increase the risk of pneumonia in the hospital setting have been identified: intubation, intensive care unit, antibiotics, surgery, chronic lung disease, advanced age, imunosuppression. First and foremost is intubation of the respiratory tract. Both short-term intubations for surgery and longer-term intubation for respiratory failure are associated with the highest of reported frequencies (17-20 %) for nosocomial pneumonia.

The major risk factors associated with pneumonia in the intubated patients were presence of intracranial pressure monitors, fall-winter season, use of cimetidine, and tubing changes every 24 hours instead of 48 hours. A number of other factors likely account for the enhanced risk of pneumonia among intubated patients. Apart from the obvious fact that such patients are often the most critically ill, the presence of an endotracheal tube eliminates the action of the inertial filtration system of the nose and conducting airways and the mucociliary clearance system of the airways. Also, mechanical irritation and injury of respiratory mucosa may predispose to local colonization of airways with potential bacterial pathogens. 

The use of antibiotics in the hospital setting has been associated with increased risk of nosocomial pneumonia. These so-called superinfections presumably occur as a consequence of selection for more resistant bacterial pathogens during treatment of a primary infection.

Postsurgical patients clearly are at increased risk for pneumonia. 

It is often stated that chronic pulmonary diseases are associated with increased risk of nosocomial pneumonia. Whereas several studies suggest that this is the case, it is also noteworthy that these particular patients require assisted ventilation more frequently than others. Advanced age has also been associated with an increased risk for nosocomial pneumonia. Finally, immunosuppression and myelosuppression clearly are predisposing factors for nosocomial pneumonias.

Nosocomial pneumonia can develop either as a result of aspiration of upper airway flora or secondary to bacteremia. Meta-static pneumonias resulting from septic pelvic thrombophlebitis, right-sided endocarditis, "urosepsis", or simply bacteremia in the compromised host are all well described. However, the majority of nosocomial pneumonias appear to result from aspiration of potential pathogens that have colonized the mucosal surfaces of the upper airways. In fact, the relative predictive value of positive surveillance cultures of the upper airways in high-risk patients has been determined. The risk factors for upper airway colonization with gram-negative bacilli appear to be:

· more advanced degrees of illness;

· longer duration in the hospital;

· prior or concomitant use of antibiotics;

· intubation;

· azotemia, and

· underlying pulmonary disease/

In contrast to community-acquired pneumonia, it may be difficult to determine whether or not pneumonia has developed in a hospitalized patient. The classic clinical findings for pneumonia, such as new fever, new pulmonary infiltrate, cough, sputum production, and elevated leukocyte count, may not be present in the hospitalized patient with nosocomial pneumonia. Alternatively, these findings may be present, yet may not be caused by pneumonia. It is not surprising, therefore, that considerable debate generally surrounds the isolation of potential gram-negative (or Staph.aureus) bacillary pathogens from cultures of the airways in such patients. Does this represent “colonization” or actual nosocomial “infection”? If infection, is it pneumonia or simply tracheobronchitis? Even the presence or absence of purulent tracheobronchial secretions will not be sufficient to answer the latter question (although it will be helpful in answering the former).

Microbiologic evaluation of the patient with suspected nosocomial pneumonia may not be helpful. Sputum or respiratory secretions (obtained by endotracheal aspiration) should be examined microscopically using a Gram stain. Unfortunately, these specimens are often contaminated with upper airway flora. Likewise, cultures of such specimens may not reflect the microbiology of infected lung tissues. Isolation of a single organism from blood cultures may help to distinguish between contaminating and infecting bacterial isolates in sputum. Blood cultures are positive in fewer than 10 % of patients with nosocomial pneumonias, however.

A number of specialized microbiologic methods, and also several invasive methods for obtaining specimens, have been described as potentially useful for improving diagnostic specificity for nosocomial pneumonia. Quantitative sputum cultures, "washed" sputum cultures, and microscopic "screening" of sputa for the presence of upper airway cells suggesting contamination have all been advocated as means for determining the significance of bacterial isolates.

Immunologic methods for diagnostic evaluation of respiratory specimens (e.g., direct fluorescent antibody for Legionella sp. or crossed-immunoelectrophoresis for pneumococcal antigens) have been described. Unfortunately, the vast majority of nosocomial pneumonias are caused by pathogens for which no immunologic diagnostic techniques currently exist.

NOSOCOMIAL VIRAL HEPATITIS
In 1949 Leibowitz et al. focused on the risk of viral hepatatitis in hospital personnel by relating the illness in a nurse to the multiple needlesticks she sustained in the course of her duties in the blood bank. The extent of the problem was quantified in 1966 by Bryne, who calculated a mean annual attack rate of 51 cases per 100,000 hospital employees. The relatively high risk to laboratory workers was subsequently shown to be related to their handling of blood, and later control and diagnostic sera used in clinical laboratories were discovered to be contaminated with hepatitis B surface antigen (HBsAg). It is now recognized that high-risk locations are hemodialysis units, emergency and operating rooms, clinical laboratories, organ transplantation wards, and oncology wards. A number of studies have shown that exposure to blood and blood products are the most important risk factor. In one series the infection rate among employees with the highest exposure to blood was estimated at 1.05/100 person-years. The frequency of sharps injuries appeared to correlate with the rate of hepatitis B virus (HBV) infection in hospital employees in some studies. Other risk factors include country of origin, history of jaundice, male sex, increasing age, and race (possibly confounding the country of origin).

The World Health Organization (WHO) estimates that the incidence of hepatitis infection in medical and ancillary staff is from three to six times that in those in other professions. The rate of infection of health care workers is directly related to duration of employment. The probability of infection may be as high as between 0.6 and 1.4 % for each year working in a hospital in an endemic country. The incidence of hepatitis B infection among hospital employees appears to be declining; this decrease is perhaps related to better infection control procedures as well as vaccine availability. The risk of developing HBV infection is still relatively high for surgical house officers and operating room workers; emergency room and intensive care unit personnel; blood bank, laboratory, and pathology technologists; medical house officers and pathology residents; as well as hemodialysis and intravenous nurses and technologists.

Hepatitis B surface antigenemia is relatively common among hemodialysis patients. Although HBsAg-positive patients in one series of 101 chronic hemodialysis patients were not significantly different from antigen-negative patients in terms of morbidity, hospital stay, or mortality, this may reflect a type II error. Recent availability of a monoclonal radioimmuno-assay appears to improve the detection of HBsAg in hemodialysis patients by 120 % over conventional polyclonal radioimmunoassays.

Most investigators agree that the reservoir for HBV in hemodialysis units is primarily the patients who are chronic carriers of HBsAg. The major mode of transmission is thought to be contact with blood or serum of such patients, although all cases cannot be explained on the basis of such exposure. Environmental contamination also may be important, since HBsAg may remain viable for up to 7 days on machine control knobs, intravenous infusion poles, marking pens, walls, and surfaces of machines, The risk is obviously high in these areas, and the need for strict aseptic technique is clear.

Hepatitis C is now the most common cause of hepatitis in dialysis centers. While dialysis patients developing hepatitis receive transfusions more frequently than controls, the occurrence of hepatitis C in patients not receiving blood products  argues for the importance of the dialysis center in transmitting the infection.
Control measures for limiting viral hepatitis in dialysis units include the following:

I. Area
A.
The dialysis unit itself should be a separate part of the hospital, preferably with limited access.

B.
There should be designated staff toilet facilities separate from those for hospital patients.

C.
HBsAg carriers should be separated from HBsAg-negative dialysis patients by using different rooms and machines for each.

II. Surveillance
A.
There should be surveillance of hospital patients and employees with viral hepatitis to identify changes in incidence rates.

B.
All anti-HBsAg-negative patients and personnel in dialysis centers should have serologic screenings for HBsAg every 1 to 6 months depending on the background incidence.

III. Hygiene practices

A. Protective clothes, including laboratory coats over scrub suits or gowns and disposable gloves, should be worn in dialysis units. The protective clothing should not be worn outside the area; it should be discarded before eating, drinking, or smoking.

B. There should be no eating, drinking, or smoking in the dialysis unit.

C. Scrupulous personal hygiene should be maintained; this includes no scratching of the head or biting of the nails or pencils. 

D. Strict hand washing procedures should be followed with a foot-operated soap dispenser and knee-operated handles, if possible. 

IV. Laboratory practices

A. High-visibility labeling should be used on all blood specimens. 

B. Needles used to draw blood should not be recapped. 

C. In the laboratory, blood specimens should be pipetted and not poured; stoppers should be twisted gently to avoid aerosols. Pipetting should not be done by mouth. 

D. Automated techniques should be used whenever possible, and there should be a special area for testing the samples of HBsAg 

V. Other

A.
All contaminated materials should be autoclaved or incinerated if possible.

B.
All surfaces that become contaminated with blood should be washed in 0.5-1.0% sodium hypochlorite.

C.
Extreme care should be taken in cleaning and in sterilizing nondisposable dialysis equipment such as the venous pressure gauge.

D.
Whenever possible, disposable supplies should be used.

Several outbreaks among hospital employees have occurred when an apparently healthy patient was attended during the incubation of the disease. Hospital outbreaks have been reported in both England and Australia when trauma victims were taken to the operating rooms, and subsequently to the intensive care units, before acute HBV infections were suspected. Both instances underscore the importance of considering all patients' blood as potentially infectious.

The attack rate of hepatitis B in patients exposed to HBsAg-positive dentists has been recently estimated to vary from 1 in 40 to 1 in 400. Nine outbreaks of hepatitis B involving from 3 to 55 clinically infected patients have been linked to oral surgeons or dentists. One outbreak of 9 clinically ill patients actually resulted in two deaths, although no other deaths have been reported. Dentists who were thought to have infected patients were HBsAg-positive and HBeAg-positive (if tested). Both the length of exposure and degree of trauma involved (i.e., tooth extraction, other surgery) frequently correlated with the likelihood of infection. Transmission of infection typically did riot occur when dentists and oral surgeons wore gloves but was likely when they did not.

Furthermore, it is possible that the risk of infection with HBsAg-positive blood is low in donors who do not also have HBeAg. This is suggested by the study of hepatitis after needlestick exposure to blood containing HBsAg. When the "donors" had HBeAg and HBsAg, 14 out of 20 recipients acquired hepatitis B. When the donors had HBsAg but no HBeAg, none of the 11 recipients acquired hepatitis. Although we cannot immediately extend the findings to whole blood, future studies of post-transfusion hepatitis may confirm these data.

Perinatal transmission of HBV infection has serious consequences for the infant, since most become chronic carriers and are at risk for eventual development of cirrhosis and hepatocellular carcinoma.

Hepatitis has been associated with a variety of intravenous products other than blood, including fibrinogen; factors II, VII VIII, IX, X; and contaminated commercially prepared plasma, protein products. Heat-treated factor VIII transmitted non-A non-B hepatitis in up to 84 % of previously nontransfused hemophiliacs. Outbreaks of infection among surgical patient: receiving clotting factor products for bleeding underline the importance of limiting use to persons with known factor deficiencies. Intravenous γ-globulin therapy, particularly in hypogammaglobulinemic patients, has been associated with apparent transmission of non-A, non-B hepatitis and subsequent cirrhosis. Until a test becomes widely available to identify specific causes of non-A, non-B hepatitis, the putative link of intravenous γ -globulin and viral hepatitis remains unconfirmed Hepatitis A has occasionally been shown to cause post-transfusion hepatitis. Outbreaks of hepatitis A have also occurred in a neonatal intensive care unit and a bone marrow transplant center through transfusion of contaminated packed red blood cells and platelets, respectively.

The HBsAg-associated δ-antigen represents a marker of a transmissible defective agent distinct from hepatitis B virus yet requiring HBV replication for its synthesis and expression. δ -lnfection is endemic in southern Italy, South America, parts of Africa, the Middle East, the South Pacific, and much of the world, In North America, it is limited largely to hemophiliacs, intravenous drug abusers, and occasional male homosexuals. In the hospital setting, patients and employees who are chronic carriers of HBsAg are at risk of developing acute hepatitis and possibly chronic liver disease if they are subsequently exposed to the δ -agent.

Nosocomial transmission has occurred from a parenteral drug abuser undergoing hemodialysis to another asymptomatic carrier of hepatitis B who was regularly dialyzed on the same machine.

Hospital-associated outbreaks of hepatitis A virus (HAV) were infrequently reported in the past, presumably because of the lack of a carrier state, the transient viremia, and a decline in viral shedding once the patient becomes symptomatic. Recently, nosocomial outbreaks have been reported with increasing frequency, although this change may be due to better recognition of HAV infection with improved serodiagnostic tools. Most episodes have occurred in the nursery or neonatal intensive care unit and typically have involved a patient hospitalized during the incubation period of HAV for an unrelated problem. The risk of spread to staff is increased if any one of several factors enhancing fecal-oral transmission, including infancy, mental retardation, fecal incontinence, diarrhea, vomiting, and nasogastric drainage, is present. Premature infants are frequently asymptomatic and may be responsible for secondary transmission. Adults also have occasionally been responsible for outbreaks, often with an underlying illness, which masked the diagnosis of HAV infection. Outbreaks have been traced to adults from endemic areas, those who were sewage workers, as well as a nurse who had developed infection from eating raw seafood. The ease with which HAV infection is spread in the hospital emphasizes the importance of flawless technique in gowning, gloving, and hand washing when exposure to bodily fluids is anticipated. Eating, drinking, smoking, as well as placing other objects in the mouth while in the work area are all strongly discouraged.

Other mechanisms of transmission include food-borne outbreaks.

BACTEREMIA DUE TO PERCUTANEOUS INTRAVASCULAR DEVICES
The relentless progress of medical science and technology has been accompanied by the development of a host of new devices, each with its own complications. Included in the list of devices to lie discussed are peripheral and central intravenous catheters, total parenteral nutrition (TPN) catheters, flow-directed balloon-tipped pulmonary artery catheters, arterial lines, and catheters placed to afford long-term central venous access such as catheters. More than 25,000 patients develop device-related bacteremia in the United States each year. Such device-associated infections occur as sporadic cases as well as in case clusters caused by the same organism. Most sporadic nosocomial bacteremias, however, are not device related but occur as a result of distant localized infection that then seeds the blood stream. Primary bacteremias (i.e., those without an obvious infected focus outside the blood stream) account for only one-fourth of sporadic nosocomial bacteremias.

Conversely, more than three-fourths of the nosocomial bacteremias occurring in case clusters are primary bacteremias, and more than 75% of these are device associated. Much of what we know about the epidemiology and pathogenesis of device-associated infections has been learned from a careful study of these case clusters of device-associated infection.

Both local and systemic infection may result from contamination of intravascular devices. Local cellulitis, abscess formation, septic thrombophlebitis, device-associated bacteremia, or endocarditis all occurs as complications of intravascular therapy and monitoring.

Infusion-related sepsis has been reviewed in detail, and both manufacture related and in use contamination of infusate have been documented as causes of device-associated sepsis.

Another factor influencing the pathogenesis of infusate-associated infection is the composition of the fluid. Different infusion fluids support the growth of differing pathogens. The microbiology of outbreaks of infusate-related sepsis is somewhat monotonous; pathogens such as Enlerohacter, Citrobacter, and Serratia predominate. Parenteral nutrition solutions are superb substrates for the growth of certain microorganisms. Casein hydrolysate solutions support the growth of many bacteria and fungi. This latter risk has also been primarily identified in the neonatal Intensive care setting but has been less commonly seen in adults.

Parenteral nutrition solutions may also become contaminated during compounding in the hospital pharmacy. Two similar outbreaks of Candida parapsilosis infections were linked to the backflow of yeasts into TPN solution because a vacuum pump was used improperly.

The composition of the infusate also influences the degree of irritation of the vascular intima at the site of infusion. Fluids that are not isotonic, those at nonphysiologic pH, and those containing particulates all may irritate the vascular wall, thus provoking thrombus formation. Such thrombi may be seeded either hematogenously or by direct extension.

Many authorities believe that the catheter insertion tract provides the major avenue for the ingress of microbial invaders. Several studies have focused on microbial colonization around the catheter insertion site as a significant risk factor for catheter-associated infection.

Numerous additional factors influence the risk for device-associated infection. Because of methodologic difficulties in performing appropriate scientific studies to characterize relative risk, many of these risk factors have been identified either retrospectively or in the epidemic setting. Still, each of the factors identified in Table 2 has been associated with an increased risk of device-associated infection.

Table 2. Patient-Related Risk Factors for Device-Associated Bacteremia
Age ≤ 1 year ≥ 60 years

Granulocytopenia

Immunosuppressive chemotherapy

Loss of skin integrity (e.g., burns, psoriasis)

Severity of underlying illness

Presence of distant infection

In addition, several other factors have been incriminated as increasing the risk for device-associated infection and bacteremia. Several of these factors are outlined in Table 3. Of these, a few deserve special mention.

Table 3. Additional Factors Associated with Increased Risk for

Device-Associated Infection
Alteration in patient's cutaneous microflora

Health care provider hygiene (hand washing)

Contaminated ointment or cream

Catheter composition/construction

Flexibility/stiffness

Thrombogenicity

Microbial adherence properties

Size of catheter

Number of catheter lumens

Distant infection (hematogenous seeding)

Catheter function/use

Catheter management: entry into the system

Alteration of the patient's skin flora, either as a result of antimicrobial therapy or by colonization with an epidemic strain carried on the hands of hospital personnel, is a common event preceding catheter site infection. In addition, certain therapeutic devices (e.g., semipermeable membrane dressings) may actually increase the cutaneous microbial burden surrounding the catheter insertion site.

Several hospital-related risk factors for catheter-acquired bacteremia have been either identified or proposed (Table 5). In contraposition to the patient-related Factors, such hospital-related factors can often be altered for patient benefit.
Table 4. Hospital-related risk factors for catheter-acquired infection
Type of catheter (plastic > steel)

Location of catheter (central > peripheral; femoral > jugular/subclavian)

Type of placement (cutdown > percutaneous)

Duration of placement (at least 72 hr > less than 72 hr)

Emergent placement > elective 

Skill of venipuncturist

Staphylococci continue to predominate as the most frequently encountered pathogens in device-related infections. Although Staphylococcus aureus is a frequent cause of device-associated infection, the coagulase-negative staphylococci have become the most common causes of these infections in the past 10 years.

Although there are some minor microbiologic differences among the devices or therapies under discussion, as a genus, staphylococci account for one-half to two-thirds of the episodes of bacteremia associated with these devices. Recent studies have suggested that coagulase-negative staphylococci may be able to adhere to plastic catheters more aggressively than can other organisms. This property would result in a selective advantage for coagulase-negative staphylococci in causing device-associated infections.

Other commonly encountered isolates are listed in Table 5. The occurrence of some of the more unusual isolates, (e.g., Enterobacter sp., Pseudomonas cepacia, Citrobacter freundii) as a clear cause of device-associated infection should at least suggest the possibility of a contaminated infusion product or of an aqueous environmental reservoir for these pathogens.

Other organisms may cause such infections (e.g. Flavobacterium, Acinetobacter sp.); however, such organisms have been infrequently associated with either infusion-related or cannula-related infections.

Table 5. Microbiology of Device-Associated Bacteremia

Staphylococcus aureus
Staphylococcus epidermidis
Klebsieila species

Enterobacter species

Serratia marcescens
Candida albicans
Candida species 

Pseudomonas aeruginosa 

Pseudomonas cepacia 

Citrobacter freundii 

Cotynebacteria (especially JK. strains) 

Steel needles have been associated with lower rates of local infections, bacteremic infections, and local phlebitis than have plastic catheters. It was demonstrated that steel catheters placed by an intravenous team nurse were associated with significantly less phlebitis but significantly more episodes of infiltration than were Teflon catheters.

Catheters placed percutaneously are associated with a lower infection rate than are those placed by cutdown. 

Total Parenteral Nutrition

Several aspects of the delivery of TPN separate this mode of intravascular therapy from others. First, the composition of the infusate supports the growth of different microorganisms, most notably certain of the Candida species. Second, TPN catheters arc often required to remain in ..place much longer than either peripheral or other central venous cannulae. For this reason, problems with catheter contamination become much more of a concern. Third, the hypertonicity of the solution tends to cause thrombosis, which may result in an increased risk of infection. Fourth, because patients who require TPN are frequently severely ill due to neoplasms, trauma, or inflammatory bowel disease, the risk for bacteremia is higher. Therefore, the potential for hematogenous seeding of the catheter is high.

Table 7. Prevention of Infusion-Related Infection in TPN

1. Administration of TPN should be under the supervision of a team of health care professionals (usually a nurse, pharmacist, and physician).
2. Both the decision for appropriateness of TPN therapy and protocols for insertion, maintenance, and delivery of TPN should be under the responsibility of this team.
3. TPN solution should be prepared using sterile or aseptic technique when possible in a laminar flow hood. Once prepared, the solution should be infused immediately or stored at 4°C. 
4. Placement of the catheter should be performed by using sterile technique including, at a minimum, mask, gloves, drapes, and appropriate skin preparation (preferably with 1% iodine). 
5. Once placed, the catheter should be anchored to avoid movement, which may result in local irritation of the insertion site or transport of organisms along the insertion path.
6. If possible the system should be kept closed, avoiding unnecessary entry for blood drawing and administration of other fluids or blood products via the TPN line. 
7. Other aspects of TPN administration are either of empirical or theoretic value or have been demonstrated to be of value in small studies. 
8. These techniques or procedures await definitive studies to document their merit; they include the following:
· Routine application of antiseptic cream at the site of catheter insertion (either at the time of venipuncture or at routine dressing change);

· Routine dressing changes, skin defatting with acetone, and skin preparation with antiseptics;

· Routine use of semipermeable dressing materials (e.g., OP-SITE);

· Routine use of in-line membrane filters;

· Use of silicone or other less traumatic, nonthrombogenic catheters; use of heparin-bonded catheters; use of low-dose heparin infusions
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