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Natural disaster
• Volcanic eruption
• Earthquake
• Cyclone of Hurricane 
• Avalanche
• Flood & Tsunami
• Drought

• Forest fire of Bushfire
• Landslides
• Tidal wave 
• Environmental 

pollution 
• Snow storms
• Epidemic Disease



Political disaster



Political disaster



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





Hospital Structures from Initial Site Inspections



Hospital Pre- Vs. Post-



Soon after water removal process from the hospital has 
been completed, hospital administration would like to 
immediately open the clinical services.  

What will be your response? 

A) It is impossible to open service at this time.  We should renovate the hospital 
before resume all clinical service.  (6 months)

B) It is possible to open clinical services, but we need to renovate the hospital 
before.  (3 months)

C) We can open the clinical service now with some minimal preparation time. 
(within 1 month)



Despite discussion the need to prepare the hospital before re-
opening, hospital administration would like to open clinical 
services within 2 weeks after water removal.

What should be the first priority that you should do 
before re-open the clinical services? 

A) Cleaning and disinfection the hospital units

B) Contain construction & renovation site

C) Evaluate HVAC system and area decontamination

D) Assess the burden of mold in the air and remediate the mold

E) A-D

F) A-C 





Despite preparedness plan, fungal air sampling 
from several places still abundant! 

How do you inform hospital administration?
A) High fungal bioburden will compromise patient safety…should give me 
more time to prepare.

B) There is no standard on fungal bioburden.  So, we can try to open the 
hospital.

C) There is no standard on fungal                                                                            
bioburden.  We can monitor it over time to see the trend                                      
after we open the hospital.



Hospital administration insist that, in his 
view, hospital is safe enough to open.

AFTER HOSPITAL RE-OPEN FOR 2 DAYS….



Emergence of Penicillium spp. from hemocultures



What do you think this incident came from?

A) Possible a point source outbreak that need investigation

B) Possible pseudo-outbreak that do not need investigation

C) Possible pseudo-outbreak that need investigation

D) It came from environmental contamination



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)



Air sampling was performed in all 
units to prioritize the need for extra 

effort for mold re-mediation!





Introduction of HP



Outcomes (close units)

PRE

POST



Outcomes (open units)

PRE
POST



Does Fumigation with Other 
Products Produce the same Results?



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



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







Lessons Learned
Use of air sampling periodically can help monitor the effectiveness of 
interventions and prioritize need for extra effort!

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



One week later, hospital administration said that is now 
ready to open outpatient department.  Hospital structure is 
not much improved, but become more clean.

How do  you come up with strategy to handle significant 
patients influx in a relatively short space?  

A) Inform hospital administration that we are not ready yet.

B) Set up an open air triage area 

C) Use natural ventilation and monitor air flow periodically

D) B-C



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



Air Mixing and Directional Flow







It is So HOT During Summer



Things to Consider: Always Test for Efficacy



Things to Consider: Always Test for Efficacy

Consider mechanism to avoid air cross contamination



At 4-weeks after hospital re-opening, there are influx of 
cases occur.  Units that re-opened start to increase.

What kind of surveillance do you need to establish?

A) Surveillance for HAIs
B) Surveillance for MDROs
C) Active laboratory surveillance for water borne 
infections (e.g., NTM, Legionella, etc)
D) Surveillance for use of antibiotics



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.



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



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 













Conclusions
Disaster(s) will likely occur in your life time.  Having a well preparedness plan before 
disaster is ideal, but perhaps impossible in several situations

Negotiating with hospital administration is the first step to allow time to create safety 
hospital environmental for the patients, but prepare to accept the all disappointments

Need to come up with key targets for implementation and consider local infrastructure and 
natural system to apply into the implementation plan

Solve the problem one by one and step by step with patient!  Don’t expect perfect 
outcomes

Be innovation and keep publishing because it can help others that may encounter the same 
disaster



Thank you very much for 
your attention!


