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LECTURE TOPICS 



Outbreaks occur in healthcare settings 
Commonly amongst immunocompromised 

patients 
Outbreaks related to construction and renovation 

in reported in literature 
Outbreaks not related to construction reported in 

literature 
Mortality related to construction related fungal 

infection is approximately 50% 
Commonly causes pulmonary infection, but can 

cause other infections 
 
 

INVASIVE FUNGAL INFECTIONS 

Kanamori, H., Rutala, W., Sickbert-Bennett E. E., & Weber, D.J. Healthcare Epidemiology 2015; 61: 433-444 



UNDERLYING CONDITIONS IN PATIENTS WITH HEALTHCARE ASSOICATED ASPERGILLOSIS 

No. of Patients Mortality (%) 
Hematologic malignancy 299 57.6 
Solid organ transplant 
 Renal transplant 
 Liver transplant 

 
  36 
    8 

55.9 

Other immunocompromised 
 High-dose steroid therapy 
 Neonates 
 Other malignancy 
 Chronic lung disease 
 ICU patients (“high-risk”) 
 No exact classification possible 

 
  15 
    5 
    4 
    2 
    2 
  49 

52.3 

Patients without severe immunodeficiency 
 Thoracic surgery 
 Cataract surgery 
 ICU patients (“low risk”) 
 Other surgery patients 

 
  25 
    5 
    5 
    3 

39.4 

TOTAL 458 55.0 



EXAMPLES OF OUTBREAKS 

Year-Author Organism Population Epidemiologic Factors Remedial/ Preventive 
Measures 

2008, Garner 
& Machin 

Mucormycosis Pediatric 
oncology units 
(2 patients 0% 
mortality) 

Leak in shower near 
linen room closest to 
where both infected 
patients were housed 

Leak fixed; mold 
remediation; prophylaxis 
for 15 high risk patients 

2014, Duffy et 
al. 

Rhizopus – 
cutaneous 
infections 

Pediatric 
hospital (5 
patients 100% 
mortality) 

After very exhaustive 
investigation, only 
common exposure was 
hospital linen; 
Rhizopus was 
recovered form 42% of 
environmental samples 

Linen supply company 
chanted; delivery site 
changed for clean linen; 
sterilized linens used for 
very high risk population 
for short period of time 
(neonates, extreme 
prematurity) 

2015, Cheng 
et al. 

Rhizopus 
microsporus 

HSCT patients 
(pulmonary & 
cutaneous) (6 
patients 50% 
mortality) 

Linen was implicated Changed laundry 
providers 



Year-Author Organism Population Epidemiologic Factors Remedial/ Preventive 
Measures 

1990, Fox et 
al. 

Penicillum sp. 
Cladosporium 
sp. 

OR Ventilation duct lined 
with contaminated 
fiberglass insulation 

Decontamination of HVAC 
ductwork; filter 
replacement 

1992, 
Hruszkewycz 
et al. 

Penicillum sp. 
Aspergillus sp. 

Laboratory 
pseudo-
outbreak 

Improper airflow during 
renovation near lab; 
false ceiling 

Sealed ceilings; proper 
use of hoods and 
appropriate airflow 
controls 

1994, Iwen et 
al. 

Aspergillus sp. 
Mixed fungi 

BMT unit Improper airflow; 
suspected infiltration 
from windows 

Sealed windows and 
balanced airflow; replaced 
HEPA filters 

1995, 
Anderson   et 
al. 

Aspergillus sp. Pediatric 
oncology unit 

Improper airflow from 
clinical waste disposal 
room 
 

Sealing of disposal room 
and use of HEPA filtered 
vacuum cleaners 
 

EXAMPLES OF OUTBREAKS RELATED TO 
CONSTRUCTION/RENOVATION 



TYPICAL 
CONSTRUCTION/RENOVATION SITE  



 2003:  Guidelines for preventing health-care-associated 
pneumonia (HICPAC) 

 2003: Guidelines for environmental infection control in 
health-care facilities (CDC, HICPAC) 

 2000: Guidelines for preventing opportunistic infections 
among hematopoietic stem cell transplant recipients 
(CDC, IDSA, ASBMT) 

 Guidelines for design and construction of Health Care 
Facilities.  The Facility Guidelines Institute (FGI),  2010 

 Construction and Renovation, 3rd Edition ,and Infection 
Prevention for Construction DVD, Association for 
Professionals in Infection Control and Epidemiology, 
2007  

 APIC Text of Infection Control and Epidemiology, 3rd ed.  
Association for Professionals in Infection Control and 
Epidemiology, 2009.  

 ASHRAE - American Society of Heating, Refrigeration and 
Air Conditioning Engineers 
 

RELEVANT GUIDELINES 



 ANC: Absolute neutrophil count 
 HICPAC: Healthcare Infection Control Practices 

Advisory Committee 
 HSCT: Hematopoietic stem cell transplant (i.e. bone 

marrow transplant) 
 IDSA: Infectious Disease Society of America 
 PE: Protective environment 

ABBREVIATIONS 



 Largely based on outbreak investigations 
 Corollaries of above 
 Focus is on preventing epidemic infections (rather than 

sporadic infection) 
 Recommendations often not based on randomized clinical 

trials 
 Focus on preventing infection in HSCT patients in protected 

environment 

LIMITATIONS OF GUIDELINES 



Aspergillus spp. (by far most important) 
Zygomycetes 
Other fungi 
Miscellaneous 

MOST COMMON PATHOGENS ASSOCIATED 
WITH CONSTRUCTION OR RENOVATION 

OUTBREAKS 



TREND OF FUNGAL OUTBREAKS & INFECTIONS 
ASSOCIATED WITH CONSTRUCTION 

Kanamori, H., Rutala, W., Sickbert-Bennett E. E., & Weber, D.J. Healthcare Epidemiology 2015; 61: 433-444 



 lA: Strongly recommended for implementation and strongly 
supported by well-designed experimental, clinical, or 
epidemiologic studies 

 lB: Strongly recommended for implementation and supported 
by some clinical or epidemiologic studies and by strong 
theoretical rationale. 

 lC: Required for implementation, as mandated by federal or 
state regulation or standard. 

 I I :  Suggested for implementation and supported by suggestive 
clinical or epidemiologic studies or by strong theoretical 
rationale. 

 No recommendation; unresolved issue:  Practice for which 
insufficient evidence or not consensus exists about efficacy 

CDC/HICPAC RECOMMENDATIONS: 
GRADING OF RECOMMENDATIONS 



 Maintain a high index of suspicion for healthcare-
associated pulmonary aspergillosis in severely 
immunocompromised patients (ANC <500/mm3 for 2 
weeks or <100/mm3 for 1 week){lA} 

 Surveillance cultures 
 Do NOT perform routine, periodic cultures of nasopharynx {lB} 
 Do NOT perform routine, periodic cultures of equipment or devices 

used for respiratory therapy, PFTs, or dust in rooms of HSCT 
recipients {lB} 
 NO recommendation for routine microbiologic air sampling before, 

during, or after facility construction or renovation {Unresolved} 
 Perform routine surveillance of the ventilation status of 

PEs: room air exchanges, pressure relations, filtration 
efficacy {lB} 

 

SURVEILLANCE1 

1Tablan OC, et al.  Guidelines for preventing health-care-associated pneumonia, 2003 



When planning construction, demolition, and 
renovation activities in and around the facility, 
assess whether patients at high-risk for aspergillosis 
are likely to be exposed to high ambient-air spore 
counts of Aspergillus spp., and if so develop a plan 
to prevent such exposure {lA} 

During construction, demolition, or renovation 
activities construct impermeable barriers between 
patient-care and construction areas to prevent dust 
from entering the patient-care areas {lB] 

Direct pedestrian traffic that come from construction 
areas away from patient-care areas to limit the 
opening and closing of doors or other barriers that 
might cause dust dispersion {lB} 

CONSTRUCTION OR RENOVATION1 

1Tablan OC, et al.  Guidelines for preventing health-care-associated pneumonia, 2003 



 



 Establish a multidisciplinary team that includes 
infection-control staff to coordinate demolition, 
construction and renovation {lB, lC} 

 Educate construction and healthcare staff in 
immunocompromised patient-care areas regarding 
airborne infection risks associated with construction 
and preventive measures {lB} 

 Incorporate mandatory adherence agreements for 
infection control into construction contracts {lC} 

 Establish and maintain surveillance for airborne 
environmental disease (e.g., aspergillosis) as 
appropriate during construction {lB} 

CONSTRUCTION OR RENOVATION1 

1Guideline for environmental infection control in health-care facilities, 2003 



 Notification of infection control by plant engineering prior to any 
renovation/construction activities in the healthcare facil ity 

 Conduct an infection control risk assessment (ICRA) for all  
renovation/construction activities and implement recommended 
prevention strategies as guided by the ICRA 

 Focus prevention efforts on control of airborne dissemination of 
fungal spores (e.g. barriers, containment, air handling, portable 
HEPA fi lters) 

 Consider impact of construction on the involved hospital unit and 
adjacent units on the same floor and units on the floors above and 
below the construction activities 

 Maintain surveil lance for healthcare-associated fi lamentous fungal 
infections. Investigate any cases to see if they are related to 
construction and determine if prevention efforts need to be 
revised. 

 Visit renovation/construction sites regularly to assure compliance 
with recommended prevention activities.   

BUNDLE OF KEY METHODS FOR PREVENTING FUNGAL 
INFECTIONS ASSOCIATED WITH CONSTRUCTION 

Kanamori, H., Rutala, W., Sickbert-Bennett E. E., & Weber, D.J. Healthcare Epidemiology 2015; 61: 433-444 



 ICRA is an multidisciplinary, 
organizational, documented 
process that after considering 
the facility’s patient 
population and program: 
 Focuses on reduction of risk from 

infection 
 Acts through phases of facility 

planning, design, construction, 
renovation, facility maintenance 
and 
 Coordinates and weights 

knowledge about infection, 
infectious agents, and care 
environment permitting the 
organization to anticipate 
potential impact 

INFECTION CONTROL RISK ASSESSMENT 
(ICRA) 



STEP 1: 
IDENTIFY TYPE OF CONSTRUCTION PROJECT 

http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA- 
MatrixColorRevised-091109.pdf 

http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-
http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-
http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-
http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-
http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-
http://www.premierinc.com/quality-safety/tools-services/safety/topics/construction/downloads/ICRA-


STEP 1: 
IDENTIFY TYPE OF CONSTRUCTION PROJECT 



STEP 2: 
IDENTIFY PATIENT RISK 



STEP 3: 
MATCH RISK GROUP WITH CONSTRUCTION 

TYPE 



INFECTION CONTROL BY CLASS 



INFECTION CONTROL BY CLASS 

During construction                                         After construction                



INFECTION CONTROL BY CLASS 

During construction                                         After construction 



 Identify areas surrounding the project area, assess impact 
 Identify the specific sites of activity (e.g., patient rooms) 
 Identify issues related to: ventilation, plumbing, electrical 

in terms of possible outages 
 Identify containment measures using prior risk assessment 
 Consider possible water damage 
 Work hours: Can work be done during non-patient care 

hours? 
 Develop plans for the proper handwashing sinks 
 Develop plans for use of clean and soiled utility rooms 
 Communicate with project team: traffic flow, housekeeping, 

debris removal 

OTHER STEPS 



UNC HEALTH CARE PLAYROOM 
RENOVATION ICRA 



CLASS III 

 E xe c u te  wo r k  by  m et h o d s  to  m in im iz e  r a i s in g  d u s t  f ro m  c o n s t r u c t io n  o p e r a t io n s .  
 Re p la c e  a ny  c e l l i n g  t i l e  d i s p la c e d  fo r  i n s p e c t io n  im m e d ia te ly  w h e n  u n a t te n d e d  i f  o u t s id e  

c o n s t r u c t io n  b a r r i e r.  
 C o n s t r u c t io n  wo r ke r s  s h o u ld  u s e  e leva to r s  d e s ig n a te d  “ fo r  s t a f f  u s e .”  
 O b t a in  s ig n e d  r i s k  a s s e s s m e n t  f ro m  H o s p i t a l  E p id e m io log y  b e fo r e  wo r k  b e g in s .   
 P rov id e  a c t i ve  m e a n s  to  p r eve n t  a i r b o r n e  d u s t  f ro m  d i s p e r s in g  in to  a i r .   C o m p lete  a l l  c r i t i c a l  

b a r r i e r s  b e fo r e  c o n s t r u c t io n  b e g in s .  
 Re m ove  o r  i s o la te  H VAC  s y s te m  in  a r e a s  w h e r e  wo r k  i s  b e in g  p e r fo r m e d  to  p r eve n t  c o n t a m in a t ion  

o f  d u c t  s y s te m .  N e g a t i ve  o r  n e u t r a l  p r e s s u r e  in  wo r k  s i te  i s  p r e fe r r e d .   
 B l o c k  o f f  a n d  s e a l  a i r  ve n t s .  S e a l  u n u s e d  d o o r s  w i t h  d u c t  t a p e .   
 Wa te r  m is t  wo r k  s u r f a c e s  to  c o n t ro l  d u s t  w h i le  c u t t in g .  
 C o n t a in  c o n s t r u c t io n  w a s te  b e fo r e  t r a n s p o r t  i n  c o ve re d  c o n t a in e r s .   
 Ke e p  d u s k  a n d  a c c u m u la ted  d i r t  i n  t h e  wo r k  s i te  to  a  m in im u m .  Us e  d i s in fe c t a nt  to  w ip e  s o i l e d  o r  

d u s t y  s u r f a c e s .  Ke e p  a r e a  a ro u n d  t h e  s i te  c le a n .  Wet  m o p  w i t h  d i s in fe c t an t  to  m in im iz e  d u s t  a n d  
d e b r i s  i n  a n d  a ro u n d  wo r k  s i te .  Us e  H E PA  f i l te r ed  va c u u m  w h e n  va c u u m in g .  

 P l a c e  d u s t  c o n t ro l  m a t  a t  e n t r an ce  a n d  e x i t  o f  w o r k  s i t e ,  c ove r  s u f f i c ie n t  a r e a  s o  b o t h  f e et  
c o n ta c t  t h e  m a t .  R e p la ce  o r  c l e a n  w h e n  n o  l o n g er  e f fe c t i ve .  

 Re m ove  b a r r ie r  m a te r ia l s  c a r e f u l l y  to  m in im iz e  s p r e a d in g  d i r t  o r  d e b r i s  f ro m  c o n s t r u c t ion  a r e a .  
 E nv i ro n m e n t a l  s e r v i c e s  p e r fo r m s  f in a l  c le a n in g  p r io r  to  j o b  b e in g  t u r n e d  ove r  to  ow n e r.  
 C la s s  I I I  p ro j e c t s  l a s t in g  l o n g e r  t h a n  1  m o n t h  r e q u i r e  s o l id ,  n o t  p la s t i c  b a r r i e r s .  
 S e a l  h o le s ,  p ip e s ,  c o n d u i t s  a n d  p u n c t u r e s  a p p ro p r ia te l y.  
 M a i n ta in  n e g a t i ve  p r e s s u r e  w i t h in  t h e  w o r k  s i t e  a n d  u t i l i ze  H E PA  e q u ip p e d  a i r  f i l t r a t i o n  u n i t s .  
 I f  c o n s t r u c t ion  s u p p l i e s  o r  m a te r ia l s  a r e  v i s ib l y  d u s t y,  c ove r  t h e m  d u r in g  t r a n s p o r t  i n to  t h e  

f a c i l i t y  a n d  wo r k  s i te .   



PLANS 

























Outbreaks of  aspergillosis and other fungi 
continue to occur in US healthcare facilities 

Highly immunocompromised patients are at 
highest risk 

Most are related to construction and renovation 
Appropriate implementation of CDC/HICPAC 

guidelines can prevent healthcare-associated 
infection 

Use of ICRA is a logical method to plan for 
construction and renovation projects 

SUMMARY 



THANK YOU  
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