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e Infection transmission Precaution

» Air-borne transmission - Standard isolation

* Droplet transmission - Air-borne precaution
 Contact transmission
» Vector-borne - Droplet precaution

* Blood-borne _
- Contact precaution



Alrborne transmission
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Table 1
Behaviour of Droplets in Still Air

(adapted from Evans, 2000)

AU A nanldlunngen
(llsisins) wgaltingng (luRns/Au19)

100.0 25.0 10 sec
30.0 2.7 70 sec
10.0 0.31 17 min
| 3.0 0.028 3 hours
0.3 0.00042 8.4 days

0.03 0.000022 159 days

2007 Council of Canadian Academues



Schematic diagram of respiratory
transmission routes: droplet,
airborne, direct contact and
indirect contact.

Droplet nuclei

Z5 pm diameter, travel =1 m

AIRBO
Q)
73

Droplets

=5 pm diameter, travel €1 m

«* O
Susceptible

- ® * 9 . R OF
. o, © M individual
N
DIRECT CONTACT

* Transmission routes involving a combination of hand & surface = indirect contact.

Infected
individual

Definition of 'Droplet’ and 'Droplet nuclei” from Annex C: Respiratory droplets, in Natural Ventilation © Jon Otter
for Infection Controlin Health-Care Settings, Atkinson J., et al., Editors. 2009: Geneva.



Microorganisms associated with airborne transmission

___ |Fungi _____ lBacteria__________Viuises

Numerous reports in Aspergillus spp. Mycobacterium Measles
health-care facilities Mucorales (Rhizopus tuberculosis VzZV
spp.)
Atypical, occasional Acremonium spp. Acinetobacter spp. Smallpox
reports Fusarium spp. Bacillus spp. Influenza viruses
Pseudoallescheria boydii  Brucella spp. Respiratory syncytial virus
Scedosporium spp. Staphylococcus aureus Adenoviruses
Sporothrix cyanescens Group A Streptococcus Norwalk-like virus
SARS
Airborne in nature; Coccidioides immitis Coxiella burnetii (Q fever) Hanta virus
airborne transmission in Cryptococcus spp. Lassa virus
health care settings not Histoplasma capsulatum Marburg virus
described Ebola virus

Crimean-Congo viru
Under investigation PCP - -

U.S. Department of Health and Human Services
Centers for Disease Control and Prevention (CDC)



Alrborne transmission

« Obligate airborne: NMSUNILBONIBNIG airborne tNgsagIILAY"

Example: Tuberculosis

. . 1 dy Y ¥ 1
- Preferential airborne: n1sun3ILBa lanaIgNnIg (contact uag droplet a28) L@
s lraiazunsuuy airborne

Example: Chicken pox and Measles

. . . LA @ [~ v [~ LV 1
» Opportunistic airborne: nM1sunswannaztils contact nu droplet tdwnan ua

IUNIUUL airborne 1o lwuUIEDIRENT LBH TSHINNITNIRANITNN LALNG
aerosol-generating procedures

Example: Influenza, Severe Acute Respiratory Syndrome (SARS),
Middle East Respiratory Syndrome Coronavirus (MERKSMhos5




What is an aerosol-generating
procedure?

Bronchoscope

Endotracheal intubation

Positive pressure ventilation (BiPAP and CPAP)
Manual ventilation before intubation

Airway suction,

Chest physiotherapy,

Nebulizer treatment,

Sputum induction




Influenza may transmit
via air-borne

* In has been postulated that
healthcare personnel
exposed to high risk cough-
Inducing and aerosolization
procedures may benefit the
most form higher levels of
protection = guidelines for
Influenza and MERS CoV
prevention
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Risks factors associated with tuberculosis

Fold risk of developing active 5
Tuberculosis (8l 2 I wsnUaITULTD)

Risk of progression to active
tuberculosis in those with

presume latent tuberculosis

HIV 20-40

CRF needing dialysis 3-4

TNF alpha inhibitors 7-50

Rx with steroid 2
Diabetes 3
Undernourished 12
Smoking 2
Alcohol use 3

Age high incidence <4 years
Genetic polymorphisms Gene expression
Transplantation 15-20
Overcrowding and poverty increased risk
Recent TB infection (< 2 years) NA
Apical fibronodular changes on NA

Chest radiograph

50-110
30

10-25
4.9
2-3.6
2-3
2-3
1.5

2-5 (young age
when infected (<4 y)

20-74
increased risk
15
6-19

K Dheda, Lancet 2016;387:1211-26
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TB-Infection Controls: Simplified

« Administrative: WHO ??
 Who is a TB suspect?
* Who is at risk from exposure?
 Who has infectious TB?
 Who has drug resistant TB?

* Environmental: WHERE?
* Where is optimal place to minimize risk?

* Personal Respiratory Protection: Special high risk
settings
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Administrative

risk assessment: data
Infection control plan
HCW training

Early identification and
diagnosis

Patient education

6. Sputum collection

/. Triage of suspect TB
patients

8. Reduce exposure In the
laboratory.

9. Evaluating infection control
Interventions



Environment control
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From Theory to Application (?)
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Figure 5.4 Wind-driven natural ventilation in the single-side corridor
type hospital with wind entering the ward



General ventilation

1. Ventilation rates: Air change per hour (ACH)
« Natural ventilation
 Mechanical ventilation

2. Control of airflow patterns in room

1. Single-pass air system: all air out
2. Recirculation: HEPA or UVGI

3. Monitor negative pressure: pressure differential should
be 2 2.5 Pa (0.01” water gauge)

bathroom>isolation room>anteroom>corridors



Natural ventilation
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yies 12 ACH (air change per hour)

Filtration rate



Air changes per hour (ACH) and time required for removal efficiencies
of 99% and 99.9% of airborne contaminants

Minutes required for removal efficiency

ACH 99% 99.9%
2 138 207
4 69 104
6 46 69
|12 23 35 |
15 18 28
20 7 14
50 3 6
400 <1 1

MMWR 2005



TB clinic asazilu

Natural ventilation wse
Mechanical ventilation??



General ventilation

1. Ventilation rates: Air change per hour (ACH)
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. ANSENEIN South Africa WuI1NSUSUNWNV DI LRI NITIZU8AINE
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AALUY natural ventilation sn130asNWBAISUNINIZ18VaI XDR-
TB la 33% (8-35% Awadnunanisas)

. NMAnEINYIzING 1y wW3suiay natural ventilation nu
mechanical ventilation



OPEN a ACCESS Freely available online PLOS MEDICINE

Natural Ventilation for the Prevention of
Airborne Contagion

- 1,2,3% - 3 . 3.4 . 5 . 5 — 1
A. Roderick Escombe , Clarissa C. Oeser”, Robert H. Gilman™ ', Marcos Navincopa™, Eduardo Ticona™, William Pan,

Carlos Martinezs, Jesus Chacaltanaﬁ, Richard Rcu:lrit;;uezjrjr David A. J. Moore1'2'3, Jon S. Friedland1'2,
1,2,2,4

Carlton A. Evans

1 Department of Infectious Diseases & Immunity, Imperial College London, London, United Kingdom, 2 Wellcome Trust Centre for Clinical Tropical Medicine, Imperial College
London, London, United Kingdom, 3 Asociacidn Benéfica PRISMA, Lima, Pend, 4 Department of International Health, Johns Hopkins Bloomberg School of Public Health,
Baltimore, Maryland, United States of America, 5 Hospital Nacional Dos de Mayo, Lima, Perd, 6 Hospital Nacional Daniel Carridn, Lima, Pend, 7 Hospital de Apoyo Maria
Auxiliadora, Lima, Perd

The study was carried out in eight hospitals in Lima,
Peru;

+ 5 3.7 “old fashioned” design built pre-1950,

and
« 3 3. M0% “modern” design, built 1970-1990

 Mechanical ventilation
A. Roderick Escombe PLoS Med 2007
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Summary statistics for measures of ventilation and calculated
TB transmission risk

Type of ventilation ACH Absolute ventilation (m3/h) Calculated risk of
TB transmission (%)

Median IQR Median IQR Median IQR

All natural vent 28 18-46 2,477 1,162-4,345 16 10-30

Natural ventilation 40 26-52 3,769 2,477-5,104 11 7.9-16

build pre-1950

Natural ventilation 17 12-23 1,174 812-1,627 33 24-47

build 1970-1990

Mechanical vent 12 - 402 330-1,209 39 37-44

ACH; air change per hour

A. Roderick Escombe PL0S Med 2007



General ventilation

1. Ventilation rates: Air change per hour (ACH)

2. Control of airflow patterns in room

1. Single-pass air system: all air out
2. Recirculation: HEPA or UVGI

3. Monitor negative pressure: pressure differential should be 2
2.5 Pa (0.01” water gauge)

bathroom>isolation room>anteroom>corridors



Examples of Mechanical Ventilation

Single pass Recirculating
— First choice — HEPA filtration




Recirculating Central Ventilation Unit

FILTER SECTION FAN SECTION

I v

BURNER SECTION

e

RETURN AIR DUCT I 1

& ceiling

ROOM
mixed air
returned to system floor

\

mixes with room air

SUPPLY AIR DUCT

/

supply air

to

—3p Other

Fooms



General ventilation

1. Ventilation rates: Air change per hour (ACH)

2. Control of airflow patterns in room

1. Single-pass air system: all air out
2. Recirculation: HEPA or UVGI

3. Monitor negative pressure: pressure differential should
be 2 2.5 Pa (0.01” water gauge)

bathroom>isolation room>anteroom>corridors



Positive pressure room

P

biby

Supply air > exhaust air



Engineered specifications for positive and
negative pressure room

Positive pressure areas (e.g., Negative pressure areas (e.g.,
protective environments [PE]) airborne infection isolation [All])

AL NSNSV DIAITN A >+ 2.5 Pa (0.01” water gauge) > - 2.5 Pa (0.01” water gauge)
Air changes per hour (ACH) >12 > 12 (for renovation #38 new
construction)
UseaNTAWa8IN1INTY Filtration Supply (a1m@awtn): HEPA (99.97%) Supply (2am@1L1): 90% (dust)
Return air: not required Return: HEPA (99.97%)
Airflow direction DONUONAUNTOL 9 CRERISTRR
NMSHIRUANFNIINISLAUYDIDIN Away from the patient Towards the patient (airborne

Clean-to-dirty airflow (immunosuppressed patient) disease patient)

U.S. Department of Health and Human Services
Centers for Disease Control and Prevention (CDC)



What Is the usefulness of this equipment??
A. Rapid rectal swab for screening
CRE

B. Tube for testing positive or
negative pressure room

C. Novel tube suction for decreasing
rate of pneumonia

D. Special tube for oral care in ICU
patient to prevent VAP
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High-efficiency particulate air (HEPA)

Continuous _
sheet of filter }Fllter frame

medium \

: N\ v

Di?fusion '

Aluminium
separator

« An air filter must remove
(from the alir that passes
through) 99.97% of particles
that have a size of 0.3 um.

American Society of Mechanical Engineers, ASME AG-la—
2004, "Addenda to ASME AG-1-2003 Code on Nuclear Air
and Gas Treatment", 2004


https://en.wikipedia.org/wiki/Micrometre

HEPA filter

 Installed in the duct

* On the wall (Ceiling type)

 Portable air cleaner




Portable HEPA filter ¥#lwa??



Small HEPA filter unit

150-250 (cubic feet per minute:
CFM)
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Large HEPA filter unit
300-1200 CFM




HEPA Filter Selection Table

ROOM VOLUME AIRFLOW REQUIRED FOR & ACH LISTED MINIMUM AIRFLOW
800 ft3 80 CFM 100 CFM
1,000 ft? 100 CHFM 130 CFM
1,500 ft? 150 CFM 180 CFM
2,000 ft* 200 CFM 280 CFM
4,000 s 400 CFM 200 CFM

8,000 s 800 CFM 1,000 SFM



She measures the room. It is 8 feet wide by 10 feet long. The ceiling is 9 1/2 feet high. She then cal-
culates the room volume:

Room volume = width X length X height
8X 10X 95
760 cubic feet

Airflow required for 6 ACH room volume X 6 ACH
TEOX 6

4,560 cubic feet per hour
4,560

60 cubic feet per minute (CFM)
76 CFM

The actual airflow may be less than advertised. To compensate, Catherine adds a 25% safety factor
to get a required airflow of 95 CEM.

76 CFMX1.25 = 95CFM



» Portable HEPA filters are used to

a) temporarily recirculate air in rooms with no general ventilation,
b) augment systems that cannot provide adequate airflow, and
c) provide increased effectiveness in airflow

Portable HEPA units are useful engineering controls that help
clean the air when the central HVAC system is undergoing
repairs, but these units do not satisfy fresh-air requirements

U.S. Department of Health and Human Services
Centers for Disease Control and Prevention (CDC)



Ultraviolet germicidal
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vinu Andn Ultraviolet germicidal
Irradiation fidszlagulutalagnaas?

1. s lsiasinananilu negative pressure snnau

2. dazviva Air change per hour
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Ultraviolet germicidal irradiation (UVGI)

« Radiometer: nmadniiuinaruiiduiu
109598 (210l vige flaalyl)

* dufimzivaen UV: at least every 3
MO (frguinviza alcohol)

« Contact time (Fe#esgn UV lunai .
wunzan): fnviesh alr change fagjuan 1 rnaudiiing. NOt recommended

Ny ey contact time azdu for rooms in which relative
humidity > 70%

¢ ﬂ’]ﬁ‘?tﬂ’]ﬁllﬁﬂ\iﬁi@ﬁ]’] LAY WML



Relative humidity in Thailand

* North 74 %
* North-East 72 %
 Central 73 %
e East 76 %
» South East coast 79 %
« South west coast 80 %

e Peru 87 %



UVGI

« UVGI upper room system: o finnsnenlu unaaesidsemauny
awwnan’lii alr change per hour African wuin UVGI aunsnan TB
szanny 10-20 ACH utias tiniinnedn transmission aslé an 35% wiae
LAZAAFIDEINIYNUAT 9.5% uaz annnaiiim active TB luny

15 8.6% waa 3.6%

Clinical Microbiology and Infection 2016



UV-off day

Control animal
enclosure

lonizer animal
enclosure

Air injection vent

Upward facing
UV fixture

Simple mixing fan

Air extraction vent
1 m above floor

B UV-on day

¥4 UV animal

3 enclosure

TB-HIV negative pressure isolation
rooms with upper-room UV light
fixtures and mixing fans. Air extract
vents were located at bed height.



TB infection (% of animals)

40 -

p<0.0001

Control

12 - — p=0.01

10 -

TB disease (% of animals)
(=)}

Control uv

A. Roderick Escombel, PLoS Medicine 2009



 Although upper-air UVGI will
help dilute the overall room

§ ~ seaid™| concentration of M. tuberculosis,
_ ’ it will have little beneficial effect
on this near field infection risk.

m =]




Ultraviolet germicidal irradiation (UVGI)

1 dgj v 1 o = =\ Y o o v
e nauaanissin@asny UV ldarursotinunmeuipesldiunisnivius 15ia
ARINNTONEINNUNNZ AN

- 4 = Y Y I
e #9211 HEPA-filtered 1@%1@]5@11& waz 1n17ld PPE 18asing

gnsiesuaziminzanuda nti UVGI inlferaldfinaunninlunsdaaan
NN9FALTa

o % o 6]9/6] £ 6] Idll/l 1 l/l = dl
® 94912 ANIAFI 191N |4 1919403 A 194N 191 [1IZANLINTAANT IALIF¥ 19 TIRALNC1 ATNVAN

= 1
ﬂ Lsﬁull\.llll\ll\luu Jl I\IIL\JI\)’ b1 \ VVMILIII& IUUIII’ bd ILd N |



Ultraviolet Germicidal Irradiation (UVGI)

* Used as supplement or back-up to dilution
ventilation

 Does NOT provide negative pressure
* Requires maintenance, esp. cleaning bulbs
* Not effective at high humidity (>70%)

* Occupational exposure limits: eye & skin



Simple natural ventilation Is better
than bad mechanical ventilation



uadaanmaas Natural ventilation

o lyianunsnnvuaianizas alr flow 1§uiuenausuianiean

o Zflununnamns Wiafununias azinasenaneannay ACH

* Wrisasdn air change per hour (ACH) Viuslugnlgenn

* Climate dependent: vwuna dusn vide $awiu



TB-Infection Controls: Simplified

« Administrative: WHO ??
 Who is a TB suspect?
* Who is at risk from exposure?
 Who has infectious TB?
 Who has drug resistant TB?

* Environmental: WHERE?
* Where is optimal place to minimize risk?

* Personal Respiratory Protection: Special high risk
settings
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Nonpowered air-purifying respirator filter aiinsnaqg

Resistance to efficiency Filter efficiencies

Filter degradation 95 (95%) 99 (99%) 100 (99.97%)
N (Not resistant to oil) N95 N99 N100

R (Resistant to oil) R95 R99 R100

P (Qil proof) P95 P99 P100
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Fit testing

Saccharin — a sweet tasting solid aerosol;

Isoamyl acetate — a liquid that produces a sweet smelling
vapor similar to bananas;

BitrexTM — a bitter tasting solid aerosol; and

Irritant smoke — a solid aerosol made of stannic
oxychloride that produces hydrochloric acid when it

comes in contact with water vapor. Exposure to the
hydrochloric acid produces an involuntary cough reflex.



Respirator Reuse Recommendations (N95)

« Extended use is favored over reuse because it is expected to
iInvolve less touching of the respirator and therefore less risk of
contact transmission.

« Suggests limiting the number of reuses to no more than five
uses per device to ensure an adequate safety margin.

* The straps stretched out so much that they no longer provide
enough tension for the respirator to seal to the face

https://www.cdc.gov/niosh/topics/hcwcontrols/recommend
edguidanceextuse.html



Not reuse In cases of:

* N95 respirators following use during aerosol generating
procedures.

* N95 respirators contaminated with blood, respiratory or nasal
secretions, or other bodily fluids from patients.

* N95 respirators following close contact with any patient co-
Infected with an infectious disease requiring contact
precautions. (SARS)

https://www.cdc.gov/niosh/topics/hcwcontrols/rec
ommendedguidanceextuse.html



Surgical Face Masks Worn by Patients with
Multidrug-Resistant Tuberculosis
Impact on Infectivity of Air on a Hospital Ward

Ashwin S. Dharmadhikari'2, Matsie Mphahlele?, Anton Stoltz?, Kobus Venter3, Rirhandzu Mathebula3,
Thabiso Masotla3, Willem Lubbe3, Marcello Pagano®, Melvin First®, Paul A. Jensen’,

Martie van der Walt?, and Edward A. Nardell'.2

'Division of Pulmonary and Critical Care Medicine, and “Division of Global Health Equity, Brigham and Women'’s Hospital, Harvard Medical School,
Boston, Massachusetts; *South African Medical Research Council, Tuberculosis Epidemiology and Intervention Research Unit, Pretoria, South Africa;
“Division of Infectious Diseases, University of Pretoria, Pretoria, South Africa; 5Department of Biostatistics and GDepartrnent of Environmental Health,
Harvard School of Public Health, Boston, Massachusetts; and “Centers for Disease Control and Prevention, Atlanta, Georgia

Rationale: Drug-resistant tuberculosis transmission in hospitals
threatens staff and patient health. Surgical face masks used by
patients with tuberculosis (TB) are believed to reduce transmission
but have not been rigorously tested.

Objectives: We sought to quantify the efficacy of surgical face masks
when worn by patients with multidrug-resistant TB (MDR-TB).
Methods: Over 3 months, 17 patients with pulmonary MDR-TB oc-
cupied an MDR-TB ward in South Africa and wore face masks on
alternate days. Ward air was exhausted to two identical chambers,
each housing 90 pathogen-free guinea pigs that breathed ward air
either when patients wore surgical face masks (intervention group)
or when patients did not wear masks (control group). Efficacy was

) o 1 00N (11 ] [)_(] [] allelmin ] [] 0 CHAlTi

Measurements and Main Results: Sixty-nine of 90 control guinea pigs
(76.6%; 95% confidence interval [Cl], 68-85%) became infected,
compared with 36 of 90 intervention guinea pigs (40%; 95% Cl,
31-51%), representing a 56% (95% Cl, 33-70.5%) decreased risk
of TB transmission when patients used masks.

LT I P VILIR-1D (] -

0 USTONS: 5 5 5 5
cantly reduced transmission and offer an adjunct measure for reduc-
ing TB transmission from infectious patients.

Keywords: infection control; multidrug-resistant tuberculosis; trans-
mission; surgical mask

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Tuberculosis (TB) transmission in hospitals, clinics, and
other congregate settings threatens the health of health care
workers and patients and remains an important obstacle to
achieving TB control. In TB-endemic, resource-poor set-
tings, infection control strategies such as mechanical/natural
ventilation, air disinfection, personal respiratory protection,
and patient isolation may be difficult to access, implement,
or sustain. Simple face masks worn by patients, however,
may offer an additional approach to reduce TB transmis-
sion. Unfortunately, there is no prior field evidence to
support their efficacy in actual clinical settings.

What This Study Adds to the Field

This study suggests that surgical masks worn by infectious
patients with multidrug-resistant TB on a hospital ward
reduced transmission from these patients by 56% compared
with periods when masks were not worn.

Am J Respir Crit Care Med 2012 185(10); 1104-1109
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Katharine H. K. Hsu. JAMA 1984,251:1283-5.
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Tuberculin skin test



1517 tuberculin skin test TwN1SNAFAUINN T2 IMLSAT D
| [ | = [ |
aglusnanmanialai??

Purified protein derivative (PPD) skin test
for tuberculosis infection

PPD is injected intradermally (within the
skin) in the inner surface of the forearm,

BCG+ BCG -
Cut-off 15 10
TUGIE 10 10
ﬂéugﬁﬁﬂ 5 5

I the site becomes indurated (hard) after
48 to 72 hours, then the reaction may be positive,



FAST for TB Settings

* Finding TB Patients

* Actively: cough surveillance and rapid molecular
sputum testing

» Separating safely

* Treatment

INT J TUBERC LUNG DIS 2016;19(4):381-38



Take home messages

o Msunsnszaneresiitaednilia Tuegiu Bunnude (Qrading AFB smear), #iled
annsla??, newiranasidiuan antl-TB, contact time, air change per hour
Aa9Uag sy

o soulsalailfiflulsafivingafiea M‘%‘@amx‘hﬂﬂﬂ"m‘ﬁﬁﬂﬂuﬁLLﬂﬁﬂiLNa e fazanEnTANSATaTIn
unlulenld vive cell Wndenanaunsnlevden Tdl%ae active (latent infection)

* wannrdAtyas environment control #a n1sl3 air change per hour > 12
ACH, Control of airflow patterns in room, negative pressure

* ns1% Natural ventilation dlauiinsing luanfizinnsszunsannelds fdeanunsanaiu

TB clinic Hludszwelne frldawwnsnld mechanical ventilation 1fesinsgnéias
Laz Maintenance asnawmanzas



Take home messages

. ﬂ’]Nﬂ’Jﬂ admit %aaLwﬂBﬂmwa@mﬁa i All room (negative
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WNNERY (HEPA, UV duct ¢a duct awuvl,ﬂ >3m mua?@umwﬂumu
Toan)

» Ultraviolet germicidal irradiation (UVGI) anasinungatass lunnsaneg

I ACH wsnzdusuninlluiesillanmnsansupussuuivaidauenniana iy homeless
shelters, ER waliting room, &eusn wazsmliunafiaieusu portable HEPA

filter



