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HAI/MDR/MRSA

Ogeer-Gyles JS, Mathews KA, Boerlin P. Nosocomial infections and antimicrobial resistance in critical care medicine. Journal of Veterinary Emergency and Critical Care 16(1) 2006.
1. Bacteria in a hospital environment are more resistant than those in the community given their exposure to antimicrobial drugs
2. Rates of MDR organisms are increasing as antimicrobial use increases 
a. Critically ill patients on antimicrobial drug therapy are at greatest risk for infection with MDR bacteria
b. Septic hospitalized humans who initially receive incorrect antimicrobials have increased morbidity and mortality
c. Eg. Dogs treated with enrofloxacin for 21 days shed large numbers of MDR E. Coli in their feces; providing a source for MDR infections in other patients
3. Human hospitals in USA surveillance via National Nosocomial Infections Surveillance (NNIS)
4. Concerning MDR bacteria in human medicine:
a. Methicillin-resistant Stapylococcus aureus (MRSA)
b. Vancomycin-resistant Enterococcus (VRE)
c. Extended-spectrum B-lactamase producing Gram neg bacilli
5. Less focus on this concern in vet med
a. Absence of long term care facilities/ nursing homes
b. Shorter periods of hospital stay
c. Lower prevalence of immunosuppressive disease
d. Lower doses of immunosuppressive drugs
6. Mechanisms of Antimicrobial Drug Resistance (Table 1)
a. Develops either through spontaneous mutation, or horizontal gene transfer:
i. Transformation -> uptake of naked DNA from the environment, usually from lysed donor bacterium
ii. Transduction -> DNA transferred between bacteria by viruses (bacteriophages)
iii. Conjugation -> cell-to-cell contact and transfer of plasmids **most relevant mechanism for transfer of resistant genes
b. Transposons or “jumping genes” = mobile DNA elements to allow gene movement within a bacterium
c. Integrons: genetic elements that encode mainly drug resistance, found in transposons in the chromosome, or on plasmids
d. Biofilms:
i. Microcolony of bacteria (eg. Kelbsiella pneumonia, pseudomonas aeruginosa) that grow in a matrix of extracellular polysaccharide
ii. Film offers protection from antimicrobials via reduced rate of diffusion through the film or inability of antimicrobial to penetrate (eg. Aminoglycosides are positively charged and cannot move through negatively charged film)
iii. Concern of biofilm formation of medical devices – eg. Central venous catheters, urinary catheters, ET tubes
7. Risk factors for development of nosocomial infections
a. Patient risk factors 
i. SIRS
ii. Immunocompromised patients: immunosuppressive drugs, chemotherapy/ radiation therapy, geriatric, neonatal/ pediatric
iii. Poor nutritional status
iv. Increased metabolic demands: sepsis, burns, obesity, traumatic injuries, surgery
b. Hospital risk factors
i. Medical/ surgical device
ii. Frequent of nosocomial infections in humans is 2-10x higher when in ICU versus other areas of the hospital 
1. One half of patients entering the ICU have infections
2. Heavy antimicrobial use within the ICU
8. Most common nosocomial infections (primarily gram neg): bloodstream, respiratory tract, urinary tract, surgical sites
a. Blood stream infections
i. Humans: mortality associated with catheter-related bloodstream infections is as high as 10%
ii. Extra-luminal colonization typically from bacteria on patient’s skin or from the hands of the nurses
iii. Organisms cultures from IV catheters in dogs: S. aureus, Strep spp, Klebsiells app, Serratia spp, E. Coli, Acinetobacter spp., Citrobacter frundii, Enterobacter spp.
b. Pneumonia/ Ventilator Associated Pneumonia
i. Aspiration of microorganisms – impaired immunologic defenses, poor mucociliary clearance, abnormal epithelial surfaces
ii. Humans – pneumonia 21x more likely to develops within 48 hours after a critically ill patient in intubated
c. Urinary Tract Infections
i. Accounts for approximately 30-40% of all nosocomial infections in humans
ii. Ascending infection from catheter lumen (contaminated urine in bag) or perianal area
iii. Primarily GI flora - OVC – 10% of all positive urine cultures in ICU patients (dogs) are E. Coli
d. Surgical Site Infections
i. 15% of all nosocomial infections in humans
ii. 5.9% infection rate in veterinary patients
iii. Risk factors in veterinary patients (Nicholson et al. Vet Surg 2002): time of surgical site clipping, duration of surgery, duration of anesthesia (independent of surgical time), emergency versus daytime surgery, use of propofol, and inappropriate perioperative antimicrobial therapy
iv. Longer duration of stay associated with infection 
v. Risk of infection 1.3x higher for each additional person in the operating room
9. Prevention strategies for reducing antimicrobial resistance
a. Limiting antimicrobial use
b. optimizing antimicrobial choice
i. adequate dosing and frequency
ii. obtaining cultures
iii. adequate duration
c. strict hygiene and isolation procedures
d. Implement broad spectrum therapy in patients with septic focus, but not in patients without septic focus (eg. Immune-mediated or neoplasic associated fevers)
e. Obtain cultures before initiating antimicrobial therapy, short prophylaxis (<5d), narrow spectrum
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Ruple-Czerniak A, Aceto HW, Bender JB et al. Using Syndromic Surveillance to Estimate Baseline Rates for Healthcare-Associated Infections in Critical Care Units of Small Animal Referral Hospitals. J Vet Intern Med. 2013; 27: 1392-1399.

1. Baselines of hospital-acquired infections have not been documented in veterinary med
2. Concept of syndromic surveillance – measurement of nonspecific indicators of health or disease rather than measures of disease occurrence (i.e. lab tests)
a. Potentially less costly method of surveillance; used as screening test
3. Multicentre study to evaluate baseline rates of healthcare associated infections among critically ill cats and dogs
4. Methods
a. 4 veterinary referral hospitals; 12-week period in 2006
b. Animals hospitalized for >1 day in critical care unit
c. Identified: 
i. demographic information
ii. procedures/ treatments performed in hospital (i.e. catheter placement, surgery, intubation, endoscopy, antibiotic use, antiulcer medication use, lab samples) 
iii. occurrence of nosocomial syndrome unrelated to reason for hospital admission (IV catheter site inflammation, urinary tract inflammation, acute infectious respiratory tract disorders, acute GI disorders, surgery site inflammation/ infection, fever of undetermined origin, septicemia)
5. Results
a. 1535 dogs and 416 cats; 41%, 53% admitted on emergency and 11%, 14.9% overall mortality rate
b. Table 2 & 3
6. Conclusions
a. Positive association of risk of nosocomial syndromes: 
i. increased duration of hospitalization
ii. undergoing surgery
iii. placement of a urinary catheter
iv. use of antiulcer medications
v. receiving antimicrobial drugs (outside of perioperative use)
b. *Data collected retrospectively and therefore unsure if occurrences may have been reaction to nosocomial syndrome
c. Rate of nosocomial infections higher in dogs than cats
d. Easy and cost-effective way to collect information regarding nosocomial infections
e. High variability among institutions suggesting that a portion of the events are preventable 
[image: ]

[image: ]
Black DM, Rankin SC, King LG. Antimicrobial therapy and aerobic bacteriologic culture patterns in canine intensive care unit patients: 74 dogs. J Vet Emerg Crit Care 2009; 19(5): 489-495

1. Retrospective study of 74 canine ICU patients over 6 months in 2006
2. Only collected information from patients with culture results (eliminating >80% of ICU population)
3. Collected data regarding patient antimicrobial use, MIC results and clinical data
4. 44% of cultures were positive 
a. E. Coli 23%
b. Stapylococcus intermedius 10%
c. Acinetobacter baumannii 7%
5. MDR pattern in 27% of isolates and was significantly more likely after 48 hours of hospitalization 
a. More than half the C/S submitted after 48 hours were MDR
b. Speculate that patients with suspected gram neg sepsis >48 hours in-hospital empiric choices would include gentimicin, amikacin, imipenem (unless methicillin-resistant Staph, then TMS or doxycycline) 
6. Empiric antibiotics used in 57% of dogs before culture submission: enrofloxacin (55%), amoxicillin (48%), amoxicillin/clavulanic acid (19%)
a. Empiric choice was correct 30% of time
b. 49% of patients with negative cultures received antimicrobials prior to culture results – only 35% were managed moving forwards without antimicrobials
7. Empiric antibiotics used in 94% of dogs while pending culture results: ampicillin(78%), enrofloxacin (73%), amikacin (13%) 
a. appropriate 75% of time 
8. Post-MIC antimicrobials were correct 89% (17/19) of time 
9. 37% of dogs continued to receive antimicrobials despite negative cultures


Hamilton E, Kruger JM, Schall W et al. Acquisition and persistence of antimicrobial-resistant bacteria isolated from dogs and cats admitted to a veterinary teaching hospital .J Am Vet Med Assoc 2013; 243: 990-1000

1. Prospective longitudinal study of 662 dogs and 92 cats with ICU stay >48 hours
2. Rectal and nasal swabs collected at admission and discharge
3. Enterococci, staphlylococci and E. coli tested via microbroth dilution
4. Trends in antimicrobial resistance were tacked over the 3 year study period
5. Results
a. Proportion of staphylococci with resistance increased by 225%; E. coli with resistance decreased; enterococcus was variable 
b. MDR E Coli acquired by 8% of dogs and MRSA acquired by 1.4%
c. Hospitalization for >3 days was associated with development of MDR organisms
d. Antimicrobial administration did not affect acquisition of MDR organism

Traa MX, Barboza LB, Doron S et al. Horizantal infection control strategy decreased methicillin-resistant Staphylococcus aureus infection and eliminates bacteremia in a surgical ICU without active surveillance. Critical Care Medicine 2014. 

1. Historically human medicine has been focuses on active surveillance and a “search and destroy” model to handling hospital acquired infections (eg. Weekly nasal swabs); however this is an expensive and heavy workload model
2. 6,697 patients; Retrospective observation study at Tufts Medical Centre
3. Infection prevention strategies
a. Hand hygiene program with refresher education campaign (handwashing or handrub before every patient interaction)
b. Chlorhexidine oral hygiene program (6x daily for mechanically ventilated patients)
c. Chlorhexidine bathing (sponge-bathing 1-3x daily)
i. Has been showed to decrease MDR acquisition by 23% and MRSA acquisition by 32% (Climo Crit Care Med 2009)
d. Catheter-associated bloodstream infection program (sterile technique, antimicrobial-coated catheters, chlorhexidine-impregnanted central-catheter dressings)
e. Daily goal sheets
4. [bookmark: _GoBack]MRSA infection rates decreased an average of 21% per year, which the biggest decline after the introduction of the catheter-associated bloodstream infection program
5. Aggressive infection control is effective for eliminating MRSA in the ICU without the need for active surveillance
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Reduction of Incidence of MRSA Infection with Infection Control Interventions
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Figure 1. lterative introduction of horizontal infection control measures over time was followed b&’zosigniﬁmm
reduction in prevalence of methicilin-resistant Staphylococcus aureus (MRSA) infections per 1000 patient
days in the surgical ICU. CHSS = chlorhexidine sulfadiazine, CLABSI = central line-associated bloodsiream
infections, CVC = central venous catheter.
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Table 1: Summary of major antibiotics, modes of action, mechanisms of resistance and examples of resistant organisms*

Antibiotic class Examples of resistant
and examples Mode of action Target bacteria Major mechanisms of resistance
lactam ansbiotcs
a. Penciing Inhibis collwalsyrihesis Penillin bindng protons (PBP)  Enforobacloriacoae, Staphylococcus  Degradaton by [Hactamases
b. Copabspering aurous and other staphyboocel  Decreasad alfinky of PBP
Giycopaptdos
Vancomyon bl col wa syninasis Poptdogyoan h coll wal Entorococous faecium and oher  Ateraton of popidogycan precursor with decreased afnty
b. Tecoplanin entorococat for vancomycin
Polypoptces
Poymyxin Dotergont ko disruption of uler  Outer mermbrane Faro in Gram-nogatvo bacteria  Modiicaton of ipopolysaccharde
b. Colistn mombrane (visic astanco in Gram positive
bactori)
Inhibis proten synihasis Provent mANA transition Proudomonas aorupinoss Absence of actvation by nivoreductase enzyme
Docroased col wail permeabity
Inhbits proton synihasis 508 rbosomal suburit Entorobactonacone Inacivation by acetyaton, actve oflx
Suphylocosal
Inhibis proten syrihass 208 rbosomal suburit Enorobactoriscoao (s Inacivation of drug by aminoglycoside-ahering enzymes
b. Neomyon resistance n anaerobes) Impaied rbosomal bindng
©. Gentamicin Impaited transpor of aminogycoside across cel membane
Tovacycines
Oxytetracycine I proten syrthesis 208 rbosomal suburit Enorsbacteriacse Rbosomal proecton
b. Doxyeycine Suphyococat Acthe oftux
Anacrobes
Lincosamides
a. Clndamycin Inhibis proten synihasis £08 rbosomal suburit Some Gram-posite bacteria Ateraton of ibasomal ecestor site
b. Lincomycin (winsic resistance in many Actie oftux
Gram-negatve bactera)
Macroidos
Enthomycin I protein synthesis 508 rbosomal suburit ‘Suphyiocoscus auwous Ateration of ibosomal recestor site
b. Tylosin Acthe oftux
Quinolones
Naldicacd  Iohbis DNA synthosis DNA gyraso and topossomerase IV Entorobacteriacoae Modication of DNA gyrase
b. Enrofloxacn Decreased permeatilty to the drug
. Cipotioxacin Acthe oftux
4. Orbilorac
Sufonamides
Sufamethazine  Inbs foic acd synthesi Dinyaropierate synttase Enorobactenscese. Bypass of locked enzyme by atemats dhydrptercate
b. Sufamethoxazole syrihetase wth low afy o sufonamides
Trmethoprim Inhibis olc acid syrthos Dinyarotolate reductase Enermbocteracose Bypass of bocked enryme by atemate Shydoblate
reductase with low afy o rimethopeim
Niromidazcies
a.Motonidazolo  Disrupts DNA structuro & nblts DNA ropar enzymo ONase ) Bacioroides ragis Decreased intacelliar actvation of dug

ONA repair Costisum aticio

sModified from Prescott. *Guinn et al.™ and Hofiman. 2
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Table2: Summary of risk factors associated with nosocomial BSI, VAP, UTI and SSI

BsI VAP un ssi
Neutropenia Advanced age Female gender Mainutriion, obesity
Immunosuppression Obesity Pregnancy Extremes of age
ICU hosptalzation Chronic lung disease Debiltating disease Diabetes melitus
Parenteral nutrion Previous pneumonia. Diabetes melitus. American Association of
Mechanical ventiation Sepsis Hyperadrenocorticism Anesthesiologists’ score >3
Multi-lumen catheter Head trauma Immunosuppression Muti-organ failure
Site of catheter Stress uicer prophylaxis Renal insufficiency Time of clipping and aseptic
‘preparation before surgery
Catheter dwelltime Paralytic agents Renal transplant
Frequent dressing changes  Enteral nutrition Antibiotc therapy Duration of surgery and anesthesia
Muttiple transfusions Frequent measurement of urine Emergency versus daytime surgery
Immunosuppression Duration of catheterization Mutiple operations during the same
Tracheostomy Poor placement technique anesthesia
Reintubation ‘Contaminated drainage system Tissue trauma
Frequent ventiator circuit changes  Colonization of periurethral area  Central fines
Drains
Muttiple central fines. Tracheostomy

Urinary catheter
Postoperative infection

Sources: adapted from Eugster et al.  Weber et al. *Lane et al.” Sitges-Serra et al. ** Mathews et al. * Jonnston™ Craven et al* lorahim et al.™
Acka et al, ™ Sedor and Muholland,'®” Leone et al.,'*® Soto et al,"" Vasseur et al, ™' Beal et al." and Nicoison et al."
BSI, bloodstream infection; VAP, ventiator-associated pneumonia; UTI, urinary tract infection; SSI, surgical ste infection.
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Table3: Summary of strategies recommended to reduce BSI, VAP, UTI and SSI

BSI VAP un ssi
Handwashing Handwashing Handwashing Antiseptic skin preparation
‘Alcohol hand cleansers ‘Semi-recumbent position Decrease catneter duration  Reducing duration of anesthesia

Maximal sterile precautions
‘Thorough skin preparation

Chiorhexidine skin cleanser

Catheter insertion and
‘management by skilled personnel

Decreased catheter manipulations

Ghanging over a guidewire
Reduced number of access ports
Fixation of catheter to reduce movement

Antiseptic-coated or antibiotic-coated
catheters

Chiorhexidine oral rinse
Saline airway lavage

‘Continuous suction of
subglotic area

‘Adequate endotracheal
tube cuff pressure.

Heat and moisture exchangers
Routine ventilator circuit changes

In-ine suction catheters
Drainage of circuit condensate:
Careful use of feeding tubes

Removal of unnecessary
invasive devices

Avoiding unnecessary antibiotics

Good catheter hygiene
Cleansing peri-urethval
and perineal areas

Closed collection systems

‘Aseptic samping via ports
Intermitient catheterization

Medicated catheters
Judicious use of antbiofics

Reducing duration of surgery
Gente tissue handing

Appropriate perioperative
‘antibiotic therapy

Decreasing number of
personnel in operating room

Minimizing use of central
ines and drains

Adequate surgical drainage and
debridement
Reducing length of hospital stay

‘Sources: adapted from Smarick et al. > Eugster et al, > Wenzel and Edmond,” Siges-Serra and Girvent,® Cooiman et al.*' Eliott™ Dodek et Bonten
etal.* Bowton,™ Sedor and Mulholland, '™ Maki and Tambyah, '™ Leone et al.'* Saint and Chenoworth,™® Vasseur et al, ' Nicois'™ and Whittem etal. "

BSI, bioodstream infection; VAP, ventiator-associated pneumonia; UTI, urinary tract infection; SS, surgical ste infection.
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Table 2. Occurrence of nosocomial events after admission, adjusted to account for differences among hospitals.*
Adjusted Risk (95% CI) for Events®

Syndrome (Case Definition)

Adjusted Incidence (95% CI) of Events®

Cat

P-Value!

Dog

Cat

P-Value!

Any event

IV catheter site inflammation
(abnormal inflammation of
the skin, subcutaneous tissues,
or blood vessels at sites where

Acute respiratory disorders (evidence
of upper or lower respiratory tract
disorders evidenced by coughing,
sneezing, nasal discharge, abnormal
lung sounds, tachypnea, or dyspnea)

Gastrointestinal disorders (significant
diarrhea, vomiting, or abdominal
discomfort not predictably related
to treatment)

Surgical site inflammation (apparent
infectious problems related to surgical
interventions manifested by redness,
swelling, heat, or drainage at incision
site, or inflammation or fluid
accumulation at other sites)

Fever of unknown origin (temperature
greater than 102.5°F that appears
to be unrelated to other
identifiable problems)

Septicemia (clinical or microbiological
evidence of bacteremia or septicemia)

163 (143, 18.5)
5.5(44,69)

74(45,122)

16(11,25)

40(30,53)

10.1 (7.4, 13.7)

3123,43)

16(1.0,23)

120 93, 155)
406,62

90 (43,185

21(11,38)

27(16,45)

54(27,109)

27(16,44)

05(0.1,20)

<001
15

53

52(46,60)
18(14,22)

18(11,29)

05(04,08)

13(10,1.7)

281,39

1007, 14)

05(03,07)

37(29,48)
12(08,19)

24(12,50)

06(03,12)

08(05,1.4)

1507, 3.0)

08(05,13)

02(0.04,06)

<001
08

36

57

08

32
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Table 3. Results for the final multivariable logistic regression model for risk factors associated with the occur-
rence of any nosocomial event in hospitalized dogs and cats.

Dog Cat

Variable Category OddsRatio  95% CI __ PValue  OddsRatio  95% CI _ P-Value

Any surgical procedure Yes 218 162,293 <001 453 234,874 <001
No Reference Reference

Antiulcer medications Yes 260 192,352 <001 389 206,7.32 001
No Reference Reference

Urinary catheter Yes 1.60 115,222 005 296 149, 5.88 002
No Reference Reference

Antimicrobials (not Yes 181 133,246 <001 Not significant

perioperative) No Reference

Duration of hospitalization 6 or more days 302 <001 Not significant
4-5 days 123
1-3 days Reference

IV catheter* Yes 37 21 055 0.06,4.74 58
No Reference Reference

See methods section for details about modeling strategy.
“*Retained in model because of the dependency with the outcome intravenous catheter site inflammation.
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