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Infection Control Issues After 
Flood 



Infection Control Issues During and 
After Flood 

• Environmental cleaning and air quality 
• Mould Remediation Protocol  
• Waste Management & Water quality 
• Surveillance for ID 
• Administrative control, Environmental 

control and Use of PPE 



After Flood-ID only part of the 
problems 

Area containment 
is important 



Life After Flood 



Renovation Post-flood 



Ensure-All equipments function 
properly 



Good that we have that flood 
(for me) 



Good that our hospital have flood 
(for others during New Year) 



Good that our hospital have 
flood 

(for others) 



Environmental Cleaning and Air 
Quality 



Specific Indication For Fungal 
Abatement 



“Non-medical” Devices and 
Surfaces 

• Even items that do not come into patient 
contact still require cleaning and disinfection 
if they had contact with flood water 

• Same general process as with noncritical 
devices 
1. Soap/detergent and water 
2. Clean water rinse 
3. Bleach water disinfection (1:100) 
4. Air dry 

 



“Non-medical” Devices and 
Surfaces (cont.) 

• Can be used for non-damaged food cans 
– Remove labels first, then re-label after dry 

• Porous food-preparation surfaces such as 
wooden cutting board must be discarded 
– Cannot be reliably disinfected  

 



Bleach Water 

• May be convenient to make 1:10 dilution 
centrally 
– Prepare in well ventilated area 
– Distinctive labels for 1:10 and 1:100 dilutions 
– Good lid 

• Can then make 1:100 near point of use 
– Pre-marked containers or small container to 

count 9 parts water, 1 part 1:10 bleach solution 

• If you can’t smell chlorine, then no longer 
strong enough 

• Prepare daily 



Air sampling after flooding 
• When can air sampling be done? 

– Monitor demolition and construction sites 
– Assess for contamination of HVAC system 
– Consider in cases of outbreaks 

 

• UTMB experience after Hurricane Ike 
– Set up air sampling in high-risk patient care 

areas, ORs, other patient areas, lobby 
– Used results in when to resume patient care 

in various areas 
 

Helwett A et al. Fifth Decennial: International Conference on Healthcare-Associated Infections, 
2010 



Role for air sampling after flood? 

• Done to detect particulates (dust) or 
organisms (aspergillus spores) 

 

• Particulate sampling (dust) 
– Evaluates efficiency of air filtration 
– Compare to outdoor air 

 “Dirty” = outdoor air 
 “Clean” = 90-95% filtration 
 “Cleanest” = HEPA filtration (>99.9%) 

 



Detection of Fungal in the Air by 
Non-standard Method 





Air Quality Standards Used by UTMB 
Healthcare Epidemiology 

Location Air Quality Standard 

High-risk patient care areas 
(transplant floor, ICU) 

≤15 total colonies/m3,and no 
pathogens present 

Operating Room ≤3 colonies/m3 of any fungi, and 
no pathogens present 

Other patient care areas ≤15 total colonies/m3, and ≤5 
pathogens present 

Lobby ≤25 colonies/m3 

Helwett A et al. Fifth Decennial: International Conference on Healthcare-Associated Infections, 
2010 



Mould Remediation Protocol 



www.prakit.com/idtu  
(Major Flood & Minor Flood) 

http://www.prakit.com/idtu


Examples 
 (can be used post-hurricane) 



Introduction of HP 



New Strategy: Use Air Sampling to 
Determine Units to be Cleaned 



Outcomes 

• Air sampling was performed in all hospital 
units to determine units that need special 
attention for room decontamination 
 

• 65 rooms from 18 patient units were visited 
for air sampling 
 

• Only 15 of 65 rooms (23%) from 6 unit (30%) 
had air sampling for fungus more than the 
recommended standard (<500 CFU/cc3) 



Lessons Learned 

• All investment in infection control need big 
capital cost, but we gain indirect cost 
 

• Having hospital administration who 
understand and value cost appropriately will 
result in successful IC outcomes 
 

• Standard method may seem expensive at 
beginning, it can help you safe money later 
on 



Waste Management and 
Water Quality  



Moldy Waste 

• Materials contaminated with environmental 
mold are not considered infectious waste 

• Can be included with general wasted 
• Should be put into plastic bags or covered 

with plastic to prevent spreading spores 
• Workers may want to wear protective 

equipment to avoid inhaling spores to 
protect against lung irritation or 
hypersensitivity 



Mandatory Personal Protective Equipment 

• Overalls (coveralls) 
• Industrial aprons 
• Leg protectors and 
/or industrial boots 
• Heavy-duty gloves 
• No need for air  
sampling inside  
construction zone for 
fungal spore 



Surface Culture for Fungus:  
A Waste of Money 

 
• Environmental fungus is already there at the 

beginning 
 

• There was no standard interpretation 



Infection control surveillance after 
recovery 

• Active surveillance for healthcare-acquired 
infections related to water/ mold 
contamination 
– Invasive fungal infections due to Aspergillus spp. 

or other fungi 
– Non-tuberculous mycobacterium 
– Legionella spp. 



Occupational Health Issues 



From Initial Survey 

• 53% had humidity within normal limit 
 

• 67% had temperature within normal limit 
 

• 11% had both bacterial and fungal 
bioburden more than 500 CFU/mm3 



Several Occupational Health Issues 
Associated with Poor Air Quality 

• Exposure particle <10 micron: exacerbate 
wheezing, asthma, respiratory infections 
 

• High CO: Tachypnea, reduce oxygen delivery 
to key organs in developing fetus 
 

• High humidity: fungus & bacterial growth 
(sick building syndrome)   



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) 

 
 



Administrative Issues 



Triage in Crowded Area 
(2,000 visit at OPD and ER)  

Be aware of TB and EID during triage 
and wear appropriate mask 

(Follow Administrative control, 
Environmental control and Personal 

Protective Equipment) 



Natural Ventilation 

Door 



Separation of Immunocompromised 
Host (using natural air ventilation) 



Things to Consider: Always Test for Efficacy 



Detection of Fungal in the Air by 
Non-standard Method 



Because Administrative Levels 
Cannot Invest for Evidence-Based 
Practices.   
 
So, can settle plate be used after 
flood?  



Khawcharoenporn T, et al.   Post-flood measurement of fungal bio-burden: Can setlte plate be used?  J Hosp Infect 2013    



Other Administrative Issues 



Evidence-Based Intervention for 
Disaster Preparedness 

• Health agency need EM plan 
• Most agencies have a plan 
• 100% of US hospitals have plan 
• Niska 2011 

• 92% of Canadian hospitals have plan 
• Zouliman 2010 

• 93% of Chinese hospitals have plan 
• Hui 2007 

• 87% of US home health agencies have a 
pandemic plan  

• Rebmann 2011 

 



Need to move Beyond Having a 
Plan: Exercise Drill 

• Only 58% of US hospital use scenarios in 
drills (Niska 2011) 
 

• 30% test med distribution to staff 
 

• 50% test their plan 
 

• 16% of Canadian hospitals test their 
pandemic influenza plan (Zoutman 2010) 



Talk to Staff about Having a 
Personal/Family Disaster Plan 

• 50% of US IPs have plan  
      (Rebmann 2009) 

 
• 24% of Canadian nurse have plan  
      (O’ Sullivan 2008) 

 
• 75% of US HH nurse have plan  
      (Rebmann 2008) 

   
“Unknown for other health care workers group or other 

countries” 

 

 
Screening criteria for 

transmissible diseases is 
important during flood 



Surveillance and Actions 



What are we doing in Thailand? 



Hospital Preparedness for Flood 



What are predictors for plan? 



What should we do after 
flood? 





Organizing interdisciplinary group for post-flood 
preparedness plan

• Prioritize hospital recovery plan for both infectious diseases-
related  and non-infectious diseases-related issues

Initial evaluation and water removal
• Site inspection for safety and assessment of infrastructure
• Wet vacuum to remove water

Cleaning and Disinfection

• Select materials and furniture 
for salvage cleaning and 
disinfection

• Surface disinfection using 
appropriate disinfectants follow 
with air dry

• Use of HEPA filtration for some 
high-risk units

• Through evaluation for 
extent of mold growth 
inclusive of inspection of 
hidden area and HVAC 
system for damage and 
mold growth 

• Recommendation for 
appropriate PPE for 
healthcare workers

• Evaluation of HVAC system
• Consider using special area 

decontamination approaches (e.g., 
H2O2 vaporizer) in some high-risk 
units          

Construction and 
renovation

• Contain construction sites 
to minimize dust and 
fungal contamination

• Consider re-locate all 
essential services on the 
upper floors

• Consider change material 
of important infrastructure 
to be water-tight or water-
proof 

Mold remediation HVAC and area 
decontamination

• Air sampling to assess bioaerosol level
• Water quality assessment
• Repeat decontamination process if indicated

Reopening of hospital units

Cleaning and decontamination 
assessment

Laboratory-based post-
flood surveillance 

• For molds, mycobacteria and 
legionella

• Monitor for outbreaks and 
pseudooutbreaks of flood-related 
infectious diseases

Cleaning and Disinfection

• Daily appropriate cleaning and 
disinfecting

• Periodic evaluation of 
performance and compliance

HVAC and air sampling

• More frequent maintenance 
schedule for HVAC

• Serially perform air sampling  to 
assess bioaerosol level, 
particularly in high risk areas 
(e.g., NICU, transplant unit)

Sewage and waste 
management

• Periodic assessment of 
sewage and water and 
medical waste disposal

Initial phase

Renovating phase

Maintenance phase



Initial Phase 



Renovating Phase 



Maintenance Phase 



The basic principle is to “Do no Harm”  
Florence Nightingale, RN, PhD 

The hospitals must have at-least the standard 
safety for patients, even hospitals for poor 

people, to be called hospital. 
 





But we can learn from mistake 





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 



Outcomes (close units) 

PRE 

POST 



Outcomes (open units) 

PRE 

POST 



This finding is not surprising 



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 



Predominant Fungus 

• Aspergillus spp. 
 

• Pennicillium spp. 
 

• Microspora spp. 
 

• Paecilomyces spp. 



Surface Culture for Fungus:  
A Waste of Money 

 
• Environmental fungus is already there at the 

beginning 
 

• There was no standard interpretation 
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