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Novel negative air controls to alleviate AIIR shortages  

 

“During a large-scale airborne infectious disease outbreak, the number of 

patients needing hospital-based health care services may exceed available 

negative-pressure isolation room capacity. ”3  

 

“Extraordinary incidents result ing in airborne infectious disease outbreaks could  

produce patient isolation requirements that exceed most hospitals’ capa city. With 

careful implementation under emergency circumstances in which engineered 

isolat ion rooms are unavailable, expedient methods can provide affordable and 

effective patient  isolation while reducing exposure risks and potential disease 

transmission to health care workers, other patients, and visitors.”2                                                    

 

There are multiple options for implementing temporary patient isolation using 

novel negative air infection controls to rel ieve deficiencies in AIIR surge 

capacity.  
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Options for implementing addit ional ventilat ion interventions include creation of 

pressure dif ferentials, use of portable HEPA-fi ltration units, use of local exhaust 

ventilation, use of curtains or other barriers to alter ventilat ion patterns, use of 

f ire-rated spaces, and modif ications to the exist ing mechanical venti lation 

system.  

 

Note that during a shortage of negative-pressure rooms, as in the current 

COVID-19 pandemic, physical isolation of infectious patients should be 

implemented even in the absence of additional options for ventilat ion.  

 

Methods that rely upon general/dilut ion venti lation include:  

 Repurposing anterooms for negative pressure applicat ions.  

 Negative pressure for single -bed room, HEPA to outside.  

 Negative pressure for single -bed room, HEPA to return.  

 Negative pressure for single -bed room, zone-within-zone. 

 Negative pressure for multiple -bed room, zone within zone.  

 Negative pressure for infectious disease zone.  

 Negative pressure from single air handling unit, mult iple -bed room. 

 

Methods that rely on local exhaust ventilat ion (LEV) include:  

 NIOSH venti lated headboard, singe bed.  

 NIOSH venti lated headboard, multiple beds.  

 

Caveat: These measures are intended to reduce risk of infection in the context of 

an emergency need for access to crit ical care faci l it ies during the COVID -19 

pandemic. While these measures can be effective and even li fe -saving, some 

also introduce additional r isks, including potential contamination of clean areas 

of the faci l ity, potential re -entrainment of contaminated air discharged to the 

exterior, adverse impact on the mechanical venti lation system, and potential 

compromise of f ire safety measures.  Some of these novel solut ions are unlikely 

to be fully compliant with applicable regulations and guidance.  Some are unlikely 

to be as protective of patients or of HCWs as are permanent AIIRs designed and 

operated  
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to legal or consensus specifications. Implementation of some of these novel  

remedies may warrant consultation with facil it ies engineers or ventilation 

engineers as modif icat ion of mechanical venti lation operation may inadvertently 

impact ventilat ion elsewhere in the hospital.  Similarly, it may be a dvisable to 

consult with local f ire departments to ensure that temporary or permanent 

structural alterations do not create fire hazards or violate fire codes.  These 

novel solut ions for negative pressure infection control isolat ion under crit ical 

care surge condit ions should be considered emergency solutions implemented on 

a temporary basis under crisis conditions. These temporary measures should be 

incorporated into the facil ity ’s infect ion control and emergency response plans. 4 

However,  the appropriate so lut ion to AIIR under-capacity is improved, proactive 

long-term planning for, and implementation of , increased permanent AIIR 

capacity and increased built - in options for local exhaust ventilat ion .  

 

1. Negative pressure general/dilution ventilation  

 

Temporary Option: HEPA to Outside1 

►  

An existing standard single -patient routine care 

room with a dedicated bathroom is temporari ly 

converted to an AIIR-like negative pressure room 

for airborne infect ion isolat ion. The return air 

register in the patient room is sealed off  and a 

HEPA-fi ltered negative air machine is instal led 

near the window. The window is removed and a 

plywood window adapter is constructed with a 

circular hole and installed in the window to 

provide an airt ight f it. A sheet metal f lange 

around the hole is used to attach the f lexible 

duct from the HEPA-fi ltered negative air 

machine. When everything is in place and 

airt ight, the machine is turned on and adjusted to 
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achieve a pressure dif ferential of negative 2.5 Pa with the door closed. The 

patient room is now under negative pressure relat ive to the corridor. Pressure 

should be monitored daily.  

 

Temporary Option: HEPA to Return1  

◄ 

An exist ing windowless standard single -

patient routine care room with a dedicated 

bathroom is temporarily converted to an 

AIIR-l ike negative pressure room for 

airborne infection isolat ion. A HEPA-

filtered negative air machine is installed 

near the return air gri l l.  The f lexible duct 

adapter is attached to the return gri l l and 

the f lexible duct from the HEPA-fi l tered 

negative air machine is attached to the 

adapter. The gril l and all attachment 

points are tight ly sealed to prevent 

leakage. When everything is in place and 

airt ight, the machine should be turned on 

and adjusted to achieve a pressure 

dif ferential of negative 2.5 Pa with the 

door closed. The patient room is now 

under negative pressure relative to the 

corridor. The pressure should be monitored daily. Confirm with the appropriate 

engineers that discharging air into the return air system is not adversely 

impacting pressure in other rooms.  
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Single Bed Zone-Within-Zone Room 

Zone within Zone 

Room1,4 ►  

A negative pressure zone 

is temporari ly created 

within  a single or multi -

bed routine patient care 

room. The area around 

the bed(s) is largely 

sealed off  with f ire-rated 

plastic sheeting. A HEPA-filtered negative air machine  is strategically placed 

within the sealed off  negative pressure zone. The intake of the negative air 

machine must be within the plasti c enclosure and the output must be outside the 

plastic enclosure. An opening is provided for discharge of HEPA -f iltered air from 

the negative pressure zone 

into general room air outside 

the enclosure. Dust ruff les 

or similar are provided under 

the bed(s) to minimize air 

movement below the bed(s). 

Exhaust air gril ls are sealed 

off . Supply air vents may be 

inside or outside the 

containment area with 

openings as appropriate in 

the plast ic sheeting to permit 

re-entry of clean room air.  

The door to the patient room 

must be kept closed.  Verify negative pressure prior to placing the room in 

service. Continuously monitor negative pressure while in service.  
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Negative  

Pressure for 

Infectious 

Disease Zone4  

◄ 

An infect ious 

disease isolation 

zone  is a 

multiroom area 

used to isolate a 

large number of 

infectious patients. 4 In the f irst i l lustration, a 10-room ward is temporari ly placed 

under negative pressure relat ive to the outside corridor. An existing anteroom is 

used, or a new one is temporari ly  created, separating the ward from the corridor. 

The anteroom should be large enough to permit the passage of personnel, 

equipment, and supplies in and out of the ward, as well as facil itate donning and 

doff ing of PPE, washing or sanitizing of hands, and d isposal of waste. A HEPA-

filtered negative air machine is positioned in the anteroom to place it under 

positive pressure relative to both the ward and to the outside corridor; i.e., the 

ward is under negative pressure relative to the anteroom. This is acco mplished 

by drawing air directly into the HEPA-filtered negative air machine from the 

(contaminated) ward and 

discharging the fi ltered 

air into the interior of the 

anteroom, from which it  

f lows both into the 

corridor and the ward. 

Airt ight seals are 

required for all  

connections.  
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In the second example, a designated smoke zone is used to temporarily  

create an infectious disease isolat ion zone. Smoke zones are designed with 

smoke barriers and f ire-rated doors to prevent smoke from migrat ing to other 

zones. This property can be ut il ized to isolate infect ious patients. In addit ion, the 

area can potentially be placed under negative pressure by using a HEPA-fi ltered 

negative air machine to discharge f i l tered air to the exterior or to the return 

(exhaust) air system. 

 

 ◄ Negative 

Pressure from Single                                  

Air Handling Unit4  

An air handling unit  

(AHU) is a major 

component of a 

mechanical ventilation 

system, also known as 

the heating, 

ventilation, and air 

conditioning (HVAC) 

system. The AHU controls air movement, air cleanliness, temperature, and 

humidity for an entire building, a single f loor, a group of rooms, or a single room . 

In a large faci l i ty such as a hospital,  a suite or a wing may be served  by a single 

AHU. In this case, a ventilat ion engineer may be able to modify the HVAC 

program or the physical HVAC settings for the  suite or wing to provide 100% 

exhaust to the exterior, creating a temporary negatively pressurized infectious 

disease isolat ion zone. All doors to this zone must be kept closed except for 

entry and exit.  
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2. Negative pressure local exhaust ventilation  

 

Local Exhaust Ventilation:                            

NIOSH Ventilated Headboard,              

Single Bed5,7 ,8  

► 

The NIOSH prototype venti lated 

headboard is a DIY (do-it-

yourself) portable, retractable, 

3-sided canopy hood that f its over the head of a supine patient, with the patient 

and the bed forming the fourth side of  the enclosure. Used in conjunction with a 

HEPA negative air machine, it provides a high degree of source control.  

Performance tests indicate ni l source  

migration from the inner isolat ion zone and up to 87% reduction in the 

concentrat ion of airborne respirable particles measured at the HCW compared to 

concentrat ions measured at the source within the hood.2 “In addition to the 

direct-capture capabil it ies of the ventilated headboard, the HEPA fan/f i ltration 

system provides continuous air cleaning of the surrounding room air. ”7  

 

Local Exhaust 

Ventilation:  

NIOSH Ventilated 

Headboard, 

Multi-Beds6  

◄  

Mult iple NIOSH ventilated 

headboards can be 

incorporated into a  multi-

bed system served by a single  HEPA negative air machine as dist inct from the 

use of multiple headboards, each of which is mated to its own HEPA fan unit. 

The number of individual headboards that can be incorporated into a single 
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system wil l depend upon the capacity of the available fan or HEPA fan/f i lter unit 

and the associated duct work. If  the air is to be  

exhausted outdoors 

and away from 

buildings and people, 

the system may not 

require HEPA f i ltration. 

However, removal of 

large amounts of 

tempered air may  

adversely impact 

general venti lation in 

other areas of the 

facil ity and may warrant adjustment of the HVAC system.  

 

NIOSH offers this caveat regarding use of the venti lated headboard:  

In  the absence of  an emergency scenar io, the invest igated iso lat ion approach should not  

be cons idered an acceptable replacement  for  engineered a irborne infect ion iso lat ion 

rooms. However , under extraordinary c ircumstances where the quant i ty of  engineered 

a irborne infect ion isolat ion rooms is insuf f ic ient to meet surge demand for pat ient iso lat ion,  

hospita l fac i l i t ies could quick ly deploy portable f i l t rat ion equipment in combinat ion wi th 

zone-wi th in-zone pat ient  iso lat ion conf igurat ions .
2
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