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Objectives 

 
• Infections after major flood (mostly 

nosocomial) 
 

• How to prevent it? 
 

• Lessons learned 



www.prakit.com/idtu 



Natural disater 

• Volcanic eruption   
• Earthquake 
• Cyclone or Hurricane   
• Avalanche   
• Flood & Tsunami  
• Drought  
• Forest fire or Bushfire  
• landslides  
• Tidal wave   
• Environmental pollution 
• Snow storms  
• Epidemic Disease  

 
 



Political disaster 



Disasters are Increasing 
All disasters can have an impact on infection transmission 
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Impact of Flood 



Impact of Flooding 



Impact of Flooding 



Objectives 

• Healthcare Associated Infections After 
Flooding 

    Fungal Infections 
    Bacterial Infections 
    Mycobacterial Infections 
     
• Infection Control After Flooding 



Healthcare Associated 
Infections After Flooding 

Fungal Infections 



Emergence of Pseudo-outbreak due 
to Penicillium spp. 



Obtaining Outbreak Data 



Pseudo-outbreak may seem benign, but it is a big deal 
for some patient populations. 

It also impact physicians’ decision. 

What will you do in patients who will received hardware after 
surgery or CVT surgery? 

 
It will impact doctors’ decision to treat 

immunocompromised hosts (e.g., febreile neutropenia) 
 

Fungal infections is also in differential diagnosis for NI in units 
with high fungal burden in the air 



What we found from the field? 

 
Air sampling in ER confirmed 

Penicillium species in the areas 
affected (1 area), but not other 

areas (3 areas) 



Interventions 

• Area decontamination start with manual 
clean 
 

• Hydrogen peroxide vaporizer 
 
• Implement air filtration at the site 

 
• Observed IC compliance to withdrawn B/C 



When to Use these Special Approaches 
for Room Decontamination? 

• Special high risk areas (lab, OR, vaccine lab, etc) 
• Adjunct measure to control outbreak of MDROs 
• Terminal care in private patient room preoccupied 

with MDRO patients particularly in high risk units 
(BMT) 

• In special situations (e.g., room decontamination for 
bioterrorism such as anthrax) and EID quarantine 
room, flood 

• Sensitive equipment that may be difficult to 
disinfect after cleaning 

Because of potential for inadvertent exposure to people and damage to surfaces 
or equipments, chemical fumigants should be used when the benefits clearly 
exceed the risks. 

AHA Position Paper 



New Approach to Room 
Decontamination 



Effectiveness of UV Irradiation 



Efficacy of UV Light for Moulds 

• At certain wave length, 
UV light break 
molecule bond in DNA 
destroying an organism 
 

• UV-C has characteristic 
wave length of 200-270 
nm, which lies a 
germicidal activity 
portion of EM spectrum 
200-320nm 

 

More to Less Susceptible 

• S. aureus 
• Strep Gr A 
• E. coli 
• Ps. Aeruginosa 
• Mycobacterium spp 
• Bacillus spp. 
• Aspergillus spp. 
• Pennicillium spp. 

 
Martin, et al.  2008 

 



HP activity for Fungus 





Introduction of HP 



Outcomes (close units) 

PRE 

POST 



Interpret Results with Cautions 

• Settle plate is a non-standard culture method (no 
standard cut off) 
 

• Detection of moulds depends on air currents 
 

• Air cultures for mould do not always accurately 
indicate the spore load 
 

• Don’t get consistent reliable information 
 

• Several expert suggest against use of settle plate 
culture 



Outcomes (open units) 

PRE 

POST 



This finding is not surprising 



Does Fumigation with Other 
Products Produce the same Results? 



Lessons Learned 

• Air decontamination using vapor/aerosolize is 
only a part of room decontamination and 
cannot be used as stand-alone intervention 
 

• Other interventions that might help include 
through cleaning, use of filter/HEPA filter/UV 
light 



What happen 6-mo after Flood 



6-Mos Post Flood 



Pseudo-outbreak/infection lead to 
unnecessary work up and antifungal 

exposure 

Apisarnthanarak A, et al.  Post-flood 
pseudo-meningitis.  ICHE 2012 



Pseudo-infection/outbreak lead to 
unnecessary antifungal exposure and cost of 

investigations 



Six Outbreak Investigations for 
Moulds 

 

 
 

By multivariate analysis, initial fungal bioburden 
>500 CFU/m3 was associated with pseudo-

outbreak due to moulds (aOR = 4.71; P =0.02) 

Apisarnthanarak A, et al.  Blackwater flood and pseudo-outbreak.   ICHE 2012 



Detection of Fungal in the Air by 
Non-standard Method 



Predominant Fungus 

• Aspergillus spp. 
 

• Pennicillium spp. 
 

• Microspora spp. 
 

• Paecilomyces spp. 



Hospital Pre- Vs. Post- 



Initial Air Quality Check After Flood 

 

High bacterial and fungal bioburden >500 CFU/mm3 were detected 
only in units with excess humidity (100% vs. 0%; P<0.001) 

 
All areas with fungal pseudo-outbreak had excess humidity  

 
By multivariate analysis, first floor units were associated with 
excess fungal and bacterial bioburden (aOR = 1.16; P<0.001) 

 
 



Invasive Infections: Aspergillus 

• Ubiquitous fungi 
– Aspergillus fumigatus (90% 

of  disease)  
 

• High risk patients 
– Hematopoietic stem cell 

transplant recipients 
– Solid organ transplant 

patients 
– Prolonged neutropenia 
– Preterm neonates 



Stem Cell Transplant Units and 
Aspergillus Outbreaks 

• Causes 
– no HEPA filtration  
– poor maintenance of air filters 
– poorly sealed windows and walls 
– positive pressure not maintained 
– no patient precautions when outside of 

unit 
– construction in or near hospital 
– disturbance of normally closed spaces 
– often unknown 



Surgical site infections and Aspergillus spp. 

• Examples in literature 
– Endocarditis or aortitis following cardiac surgery 
– Burn wound infections 
– Prosthetic joint replacement 
– Vascular grafts 

 

• Source of aspergillus not always known 
– Heavy contamination of OR air intake 
– Contamination of insulation or air filters 
– Contaminated irrigating fluids or wound 

dressings 
 

Pasqualotto AC and Denning DW. Clin Microbiol Infect. 2006;12(11):1060-76 



Healthcare Associated 
Infections After Flooding 

Bacterial Infections 



Termination of XDR-Acinetobacter: 
Lessons Learned 

Pre-flood IC & Adherence 
Level 

HH  60% 

Contact isolation  45% 

Active surveillance  30% 

Environmental 
cleaning  

32% 

 

Post-Flood Adherence to 
JUST Basic IC Interventions 

HH  91% 

Environmental 
cleaning  

92% 

Isolation 
precaution  

90% 

Emphasize the role of 
environmental cleaning and 
adherence to JUST basic IC 

Apisarnthanarak A, et al.  Termination of XDR-AB after flood.  CID 2012  CID 
2012 



Control of Acinetobacter outbreak after 
floods 

 

 
All except three belong to the same clone 

 
Courtesy of Dr. Hsu Li Yang 



This is Not a Local Issues: A Survey Was 
Made to 101 Hospitals in 15 Provinces 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Apisarnthanarak A, et al.  Patterns of NI, MDRO, molds after flood: a survey from central Thailand.  ICHE 2013 (under 
revision) 



Nosocomial Infections Post-Flood 

Apisarnthanarak A, et al.  Patterns of nosocomial infections, MDROs and mold after flood.  ICHE 2013 



Surveillance After Flood 

Traditional diseases: 
• Leptospirosis 
• Hepaitits A 
• Dengue hemorrhagic fever 
• Pneumonia (e.g., Legionella) 
• Measle 
• TB 
• Infected conjunctivitis 
• Viral diarrhea 



Always monitors for possible 
diseases after flood 

• We identified 5 cases of melioidosis 
occurred in a month after flood (melioidosis 
never thought to be related to diseases after 
flood) 
 

• Unique feature of these patients: No 
traditional underlying diseases,  quick 
presentation (within 5 days), high melioid 
titer and had fulminant clinical course 

Apisarnthanarak A, et al.  IJID 2012 





Healthcare Associated 
Infections After Flooding 

Mycobacterial Infections 



Outbreak of Mycobacterium porcinum linked 
to water supply 

• M. porcinum is a rapid-growing mycobacterium 
• UTMB found 26 patients between 2005-2010 

– Most cases before hospital flooding 
– 11 patients considered infected (4 community and 7 

hospital-acquired) 
– Hospital water and ice samples collected immediately after 

flooding 
 86 (62%) of 139 water samples grew rapid-growing 

mycobacterium – of those tested 50% were M. porcinum 

• M. porcinum detected in tap water from 80% of 
homes tested in same city as hospital 

• The majority of patient isolates were closely related 
to hospital and residential water isolates by PFGE 
 
Brown-Elliott BA et al. J Clin Microbiol. 2011;49:4231-8. 



Surveillance for HCWs Health 



Medical issues related to mold 
exposure 

• Exposure to inhaled spores, fungal 
fragments, and mycotoxins 

• Diseases 
– Allergic reactions 
– Toxic effects 
– Invasive infections (immunocompromised) 

• Reactions more likely to occur with either 
high fungal load or chronic exposure 



Mold exposure –  
Allergies and asthma 

• 10% of general US population have IgE 
antibodies to common inhaled molds 

• Sensitization to fungi, especially Alternaria 
alternata, linked to the presence and severity 
of asthma 

• No clear data for mold causing allergic 
rhinitis 

Bush RK et al. J Allergy Clin Immunol. 2006;117:326-33. 



Mold exposure – Rare lung diseases 
 

• Allergic bronchopulmonary aspergillosis 
– IgE-mediated disease in asthma and cystic 

fibrosis patients 
– Wheezing, eosinophilia, pulmonary infiltrates, 

chronic cough with mucus plugs  
 

• Hypersensitivity pneumonitis 
– High-dose and / or prolonged exposure 
– Fever, chills, malaise, nausea, cough, chest 

tightness, and dyspnea without wheezing 
 

Bush RK et al. J Allergy Clin Immunol. 2006;117:326-33. 



Chronic asbestos exposure 

 
Mesothelioma 

Asbestosis 
Need to monitor HCWs 



Conclusions 









Thank you very much for 
your attention 
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