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To the Editor—Heating, ventilation, and air conditioning (HVAC)
systems in healthcare facilities maintain the indoor air temperature
and humidity at comfortable levels and provide adequate ventilation
to control odors and reduce risk for transmission of airborne patho-
gens.1,2 Failure of the HVAC system or a temporary shutdown for
maintenance could subject patients and staff to increased risk for expo-
sure to airborne contaminants. However, limited information is avail-
able on the infection control implications of temporary HVAC
shutdowns.3 Therefore, we assessed ventilation during maintenance
of theHVAC system in our hospital requiring 2 temporary shutdowns
of the air handling system supplying one-half of the building.

The Cleveland VA Medical Center is a 215-bed hospital with 6
floors. The HVAC system has 2 central air-handling units providing
ventilation to the east and west sides of the hospital, respectively. The
air handling unit for the east side of the building was shut down for
maintenance for ∼8 hours on both March 25, 2023 (episode 1) and
May 20, 2023 (episode 2). Patient room occupancy was ≥85% during
the shutdown periods. The bathrooms, negative-pressure rooms
(N= 15), and soiled utility rooms have dedicated exhaust systems that
remained operational during the shutdown, potentially providing neg-
ative pressure to facilitate movement of air from the ventilated to the
nonventilated side of the building. During the initial shutdown, the air
handler was able to vent some recirculated air to the outside, poten-
tially providing additional negative pressure to facilitate air movement
to the nonventilated areas. Supplementary Figures 1 and 2 (online)
provides illustrations of the impact of each shutdown.

As part of a risk assessment conducted by the infection control and
engineering teams, portable carbon dioxidemonitors (IAQ-MAXCO2

Monitors, CO2Meter, Ormond Beach, FL) with continuous data log-
ging capability were placed in 4 patient rooms and 3 nursing stations
before, during, and after each shutdown on the affected side of the
building. A carbon dioxide monitor was also carried during work
rounds by a team of physicians during the shutdowns and on the
following days when the HVAC system was operating normally.
The devices were calibrated daily in outdoor air according to the
manufacturer’s recommendations. Carbon dioxide readings >800
ppm were considered an indicator of suboptimal ventilation.1,4–7

As an additional means to assess ventilation, clearance of aerosol
particleswas assessed in 3 affected patient roomsduring each shutdown
versus in 3 roomson the samewards after return tonormal ventilation.3

A Preval sprayer (Nakoma Products, Indianapolis, IN) aerosol-based
spray system was used to release 6 mL 5% NaCl over 15 seconds in

a central location in the room. A 6-channel particle counter (Fluke
983, Fluke, Everett, WA) was used to obtain particle-count readings
of 1–10-μmparticles at baseline and at 5-minute intervals until particle
counts returned to approximately baseline levels or for up to 40
minutes. Readings were obtained with the door open and closed.

During both HVAC shutdowns, observers in the hallways
leading to the nonventilated wards could feel currents of airflow
moving from the ventilated side of the building to the nonventi-
lated wards. Carbon dioxide levels remained consistently <500
ppm at nursing stations during both shutdown episodes and in
patient rooms during the first shutdown. However, carbon dioxide
levels rose from ∼450 ppm to ∼600 ppm (peak 616 ppm) during
the second shutdown and decreased to ∼450 ppm after the HVAC
system resumed operation (Supplementary Fig. 3 online).

During physician work rounds, carbon dioxide levels
remained<800 ppm in patient rooms except in 1 patient room dur-
ing the second shutdown when 5 people were present in the room
for >10 minutes with the door closed (peak carbon dioxide level,
846 ppm). In physician-team work rooms, carbon dioxide levels
rose above 800 ppm during both shutdowns when 5–6 people were
present with the door closed (peak level, 867 ppm during the sec-
ond shutdown). Carbon dioxide levels remained <800 ppm in the
physician work rooms and in all patient rooms during rounds
when the HVAC system was operating normally.

Figure 1 shows the clearance of aerosol particles over time in
affected patient rooms during each of the shutdowns versus in patient
rooms on the same wards after the HVAC system was functioning.
With the HVAC system operating and the doors open, aerosol par-
ticles peaked at a relatively low level (3,721 particles per liter) and
decreased to <1,000 particles per liter within 10 minutes. During both
HVAC system shutdowns when the doors were open, aerosol particles
peaked at substantially higher levels (>15,000) and cleared more
slowly, requiring 15–35 minutes to decrease to <1,000 particles per
liter. For both shutdown episodes, peak values were substantially
higher, and clearance was slower when the doors to the patient rooms
were closed. Particle counts were also higher and clearance was slower
during the second shutdown versus the first shutdown.

In conclusion, temporary shutdown of an air handler for one-half
of our hospital had only amodest impact on ventilation based on car-
bon dioxide monitoring and assessment of aerosol particle clearance.
Substantial movement of air from the ventilated to the nonventilated
side of the hospital may have substantially reduced the impact of the
shutdown. Thus, our findingsmay not apply to situations inwhich the
entire HVAC system is shut down. Our results suggest that keeping
doors of occupied rooms open may be beneficial. Carbon dioxide
monitoring and assessment of aerosol particle clearancemay be useful
tools to assess the impact of HVAC shutdowns.

Corresponding author: Curtis J. Donskey; Email: Curtis.Donskey@va.gov
Cite this article: Cadnum JL, et al. (2023). Evaluation of ventilation during partial

shutdown of a hospital heating, ventilation, and air conditioning system for
maintenance. Infection Control & Hospital Epidemiology, 44: 2099–2100, https://
doi.org/10.1017/ice.2023.166

©Department of Veterans Affairs, 2023. This is a work of the US Government and is not subject to copyright protection within the United States. Published by Cambridge University Press
on behalf of The Society for Healthcare Epidemiology of America.

Infection Control & Hospital Epidemiology 2099

https://doi.org/10.1017/ice.2023.166 Published online by Cambridge University Press

https://orcid.org/0000-0002-3671-7295
https://doi.org/10.1017/ice.2023.166
https://doi.org/10.1017/ice.2023.166
https://doi.org/10.1017/ice.2023.166
mailto:Curtis.Donskey@va.gov
https://doi.org/10.1017/ice.2023.166
https://doi.org/10.1017/ice.2023.166
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/ice.2023.166&domain=pdf
https://doi.org/10.1017/ice.2023.166


Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2023.166

Acknowledgments.We thank the Cleveland VA Engineering Department for
helpful discussions.

Financial support. This work was supported by the Department of Veterans’
Affairs.

Competing interests. C.J.D. has received research grants from Clorox, Pfizer,
and Ecolab. All other authors report no conflicts of interest relevant to this article.

References

1. Improving ventilation in buildings. Centers for Disease Control and
Prevention website. https://www.cdc.gov/coronavirus/2019-ncov/prevent-
getting-sick/improving-ventilation-in-buildings.html. Accessed May 22, 2023.

2. HaW, Zabarsky TF, Eckstein EC, et al.Use of carbon dioxide measurements to
assess ventilation in an acute-care hospital.Am J Infect Control 2022;50:229–232.

3. Background C. Air: Guidelines for environmental infection control in
healthcare facilities. Centers for Disease Control and Prevention website.
https://www.cdc.gov/infectioncontrol/guidelines/environmental/background/
air.html. Accessed May 16, 2023.

4. Cadnum JL, Donskey CJ. If you can’t measure it, you can’t improve it: Practical
tools to assess ventilation and airflowpatterns to reduce the risk for transmission of
severe acute respiratory syndrome coronavirus 2 and other airborne pathogens.
Infect Control Hosp Epidemiol 2022;43:915–917.

5. Ha W, Stiefel MA, Gries JR, et al. Evaluation of interventions to improve
ventilation in households to reduce risk for transmission of severe acute
respiratory syndrome coronavirus 2. Pathog Immun 2022;7:120–130.

6. Cadnum JL, Jencson AL, Alhmidi H, Zabarsky TF, Donskey CJ. Airflow
patterns in double-occupancy patient rooms may contribute to
roommate-to-roommate transmission of severe acute respiratory syndrome
coronavirus 2. Clin Infect Dis 2022;75:2128–2134.

7. Haq MF, Cadnum JL, Carlisle M, Hecker MT, Donskey CJ. SARS in cars:
carbon dioxide levels provide a simple means to assess ventilation in motor
vehicles. Pathog Immun 2022;7:19–30.

Discordant antimicrobial susceptibility and polymerase chain
reaction (PCR) testing in a Klebsiella pneumoniae isolate
with a carbapenemase gene

Lucy S. Witt MD, MPH1,2 , Alex Page BS1,2, Eileen M. Burd PhD1,3,4, Tugba Ozturk MS4, David S. Weiss PhD1,4,

Susan M. Ray MD1,2, Sarah Satola PhD1,2,3,4 and Lindsey B. Gottlieb MD1

1Division of Infectious Diseases, Emory University School of Medicine, Atlanta, Georgia, 2Georgia Emerging Infections Program, Atlanta Veterans’ Affairs Medical
Center, Decatur, Georgia, 3Department of Pathology and Laboratory Medicine, Emory University School of Medicine, Atlanta, Georgia and 4Emory Antibiotic
Resistance Center, Atlanta, Georgia

To the Editor—Rapid blood-culture identification techniques are
increasingly common in hospitals across the United States.
Rapid diagnostics can quickly identify resistance genes in bacteria
that may otherwise have taken days to be identified, thus shorten-
ing the time until patients are placed on the appropriate

Figure 1. Clearance of 5% sodium chloride solution aerosol particles (1–10 μm in diameter) in patient rooms with the door open versus closed during periods when the heating,
ventilation, and air conditioning (HVAC) systemwas off for maintenance versus on. During episode 1, the air handler was able to vent some recirculated air to the outside. Average
results for 3 rooms for each test condition are shown. Error bars represent standard error.
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