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It will likely take years for us to truly learn 
the lessons from severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), 

the virus that causes COVID-19. For so 
many of us in the infectious diseases field, 
a pandemic occurring was always a matter 
of when, not if; but, having one occur in 
your lifetime is nonetheless surprising 
and heartbreaking. We have learned a lot 

already—not only about this novel disease, 
but about dealing with and responding to 
a pandemic means for the United States 
and globally. Even the challenges of 
pinpointing the origin of COVID-19 have 
shed light on how polarizing and politi-
cized a pandemic can become. 

When we consider lessons learned, 
however, SARS-CoV-2 can aid us in a 

During the early years of the 
HIV epidemic, AIDS-defining 
illnesses significantly affected 

the clinical course and quality of life 
of the patient. Since the availability 
of effective and safer antiretroviral 
therapy (ART) in 1996, people living 

The US Food and Drug 
Administration (FDA) emer-
gency use authorization (EUA) 

for the first vaccines combating 
COVID-19 was a milestone in the 

It is late Friday afternoon and a new 
medical intern assumes the care 
of 2 patients with gram-negative 

bacteremia in the intensive care unit. 
Both patients have been empirically 
treated with piperacillin-tazobactam 
and remain critically ill. The microbi-
ology laboratory updates the culture 
results as Enterobacter cloacae complex 
for the first patient and Serratia 

I N F E C T I O U S  D I S E A S E S  T O D A Y ®

(continued on page 18)
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The spread of the disease through a 
single person via air travel and its rapid 

transmission within hospitals underscores  
the ability of novel diseases to spread.
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Chronic and 
Endemic: 2 Terms
You Don’t Like to Hear

When a patient is first told their disease or condi-
tion is chronic, their immediate thoughts might be: How 
do I live with this? Will I get sicker? Will I be in pain? 
The answers to these questions about dealing with 
something that will last a lifetime can be difficult and 
complex. Chronic diseases and conditions can be debil-
itating and exhausting for patients, especially as they 
have to take daily medications and deal with potential 
adverse effects. They may even experience current or 
future long-term comorbidities. 

Endemic, on the other hand, is a term with a different 
set of connotations, but it remains concerning. This is a 
word we have flirted with as it relates to COVID-19 over 
the last several months. Will the virus become endemic? 
Is COVID-19 officially in the endemic phase? Will people 
need to get an annual booster for it? 

Contagion® has been covering the news of the mRNA 
bivalent booster doses that were recently granted an 
emergency use authorization. At least for this year, 
the recommendation is to get a COVID-19 booster,  
so this would suggest that COVID-19 will become 
endemic and that booster vaccinations might become an  
annual occurrence.  

Although the terms chronic and endemic are different, 
both really reflect perpetuity. Either people are dealing 
with an ongoing, lifetime struggle with chronic diseases 
and conditions or they are thinking about viruses they 
might be subjected to in the future. That COVID-19 may 
become endemic is not something anyone wants but 
many are resigned to the idea it will evolve to that stage. 
And yet, if we consider HIV and those who live with it, we 
can be grateful for the fact that people can live with the 
virus for nearly as long as those without it. In many ways 
HIV has become a chronic condition—as long as people 
remain on their antiretroviral therapy. 

This was not what was being experienced just a gener-
ation ago when many more people were dying from 
HIV/AIDS. In these patient populations today, people 
are getting older and dealing with age-related issues. In 
this issue, Judith Lee, MSN, CRNP, AACRN, discusses this 
very topic. She writes about the need for incorporating 
age-based screenings, comprehensive assessments, 
and morbidity management into routine HIV care.

Thank you for reading Contagion®, and feel free to 
offer feedback on what we could be doing or on some-
thing we are doing that you like reading about.

Mike Hennessy Jr
President and CEO
MJH Life Sciences®
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Who Doesn’t Love a Prequel?  
SARS Before CoV-2
During these past few years, any mention of severe acute respiratory 
syndrome (SARS) has connoted SARS-CoV-2. However, before the present 
coronavirus pandemic, there were notable earlier iterations of SARS.

In our cover story this issue, Saskia V. Popescu, PhD, MPH, MA, CIC, paints 
a historical picture of SARS-CoV-1. As she details, the first SARS infection 
occurred almost 20 years ago.

No October would be complete without a horror story, and that SARS 
outbreak fits many tropes of the genre. Just 1 infected woman, returning 
home to Toronto after a trip to Hong Kong, transmitted the fledgling respi-
ratory infection to 257 people in several Greater Toronto area hospitals. 
Unfortunately, Popescu explains, nearly 3 in 4 SARS cases originated in the hospital setting. 

Here’s where the déjà vu sets in: SARS spread so rapidly due to a lack of isolation, protection, 
and testing protocol. Additionally, initial cases in China were woefully underreported, and the 
World Health Organization (WHO) was notified too late.

SARS is a particularly nefarious virus, as it can live on surfaces as well as in respiratory drop-
lets. This early aughts coronavirus had a mortality rate of over 9%, whereas COVID-19’s mortality 
rate is around 1.1% in the United States. Despite this high fatality risk, SARS-CoV-1 was quickly 
contained by June 2003, only 4 months after WHO was notified of the virus. 

We can count ourselves lucky that the current coronavirus, though it continues to wreak havoc, 
is significantly less fatal. But how did this come to be? SARS-CoV-1 caused a reported 8100 infec-
tions and 770 deaths globally, whereas SARS-CoV-2 now accounts for 609 million infections and 
6.52 million deaths.

What made COVID-19 simultaneously more infectious and less deadly than its predecessor? 
We were asking similar questions earlier this year when the Omicron variant outstripped Delta 
with higher transmissibility but lower morbidity and mortality.

Virus mutations are confounding, but one certainty is that the longer a pathogen is allowed to 
spread uninhibited, the more severe and numerous these mutations are likely to be.

Fortunately, we are in a much better, more informed place than we were 20 or even 2 years 
ago. We have done and continue to do extensive research that has yielded highly effective 
vaccines and therapies. Let’s continue to stop the spread, slow mutations, and ensure there’s no 
SARS-CoV-3. 

Jason C. Gallagher,  
PharmD, FCCP, FIDP, FIDSA, BCPS
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Tune in to Contagion’s new 
podcast, Contagion® Community, 
where we delve into some of 
the social factors that create and 
widen health care disparities.

Scan the QR code or visit  
contagionlive.com/podcasts to listen now



powered by

®

®

Clinical Situations  
Case Studies  
Landmark Findings
These docs have seen it all. Join expert physicians  
from around the country as they take you through 
their daily routines and share their insights about  
the world of medicine from interactions with  
colleagues to novel approaches to patient care.  
Sometimes, we all need a second opinion. 

Season 7 is streaming now! 
www.medicalworldnews.com



4 | Contagion®  •   October 2022

IN THE LITERATURE

Because of the rise in antibiotics 
use, antibiotic resistance and multi-
drug-resistant organisms are a signif-

icant global concern.1 Therefore, there is 
an increasing emphasis on antibiotic stew-
ardship programs to help reduce excessive 
use of antibiotics and curb the development 
of antimicrobial resistance and related 
adverse effects such as Clostridioides diffi-
cile infection.2 Many stewardship programs 
focus on the inpatient setting.3 However, 
a significant portion of antibiotic use 
happens post discharge,3 with reports 
of 20% of patients receiving antibiotic 
prescriptions at that time.4 This transition 
of care with potentially inappropriate or 
unneeded prescriptions may increase the 
risk of antibiotic-related adverse effects.5 

Thus, extending antimicrobial steward-
ship programs to transition of care and 
discharge may prove beneficial to reduce 
unnecessary antibiotic use.

Sedlock and colleagues performed a 
retrospective study evaluating 300 patients 
discharged from a 700-bed tertiary care 
center. Patients were included if they were 
18 years or older and had a diagnosis of 
community-acquired pneumonia (CAP), 
hospital-acquired pneumonia, cystitis, 
pyelonephritis, skin and soft tissue infec-
tion (SSTI), intra-abdominal infection (IAI), 
chronic obstructive pulmonary disease 
(COPD) exacerbation, bronchitis, or phar-
yngitis with a stay of 2 days or more.

The authors excluded patients who were 
pregnant; those with cystic fibrosis; those 
with HIV with a CD4 cell count less than 
200 or who were in receipt of chronic immu-
nosuppression; those with a hospital stay 

greater than 30 days; and patients with 
more serious infections such as endocar-
ditis, osteomyelitis, or prosthetic joint 
infection. The following patients were also 
excluded: those admitted to the emergency 
department or intensive care unit only, 
patients with bloodstream infection caused 
by Staphylococcus aureus or an unknown 
organism, those who received antibiotics 
for long-term suppression or prophylaxis, 
patients discharged against medical advice, 
patients treated for a fungal pathogen, and 
those who were discharged and received 
intravenous antibiotics.

The authors compared the total 
prescribed duration of antibiotic therapy 
in discharged patients with 3 different 
benchmarks: Infectious Diseases Society 
of America guidelines, the minimum 
supported by clinical trials, and duration 
beyond the point of clinical stability. 
Clinical stability was defined as normal 
vital signs with improvement of infection 
signs and symptoms.

The most common diagnoses were 
SSTI, CAP, and COPD exacerbation, which 
together accounted for about 75% of all 
cases. The authors found that the median 
duration of therapy was 8 days, with an IQR 
of 6 to 11 (Table). When they compared 
the data with the guidelines, treatments 
were found to be 2 days longer than recom-
mended (IQR, 0-4). Compared with data 
from recent clinical trials showing similar 
rates of treatment success with classic regi-
mens,6 there was an excess of 3 days of 
treatment (IQR, 1-5). The authors reported 
variability in prescribing, with SSTI and 
IAI having the largest IQRs; they also 

observed the most inappropriate durations 
with SSTI, IAI, and cystitis, which had the 
longest excess durations of therapy (Table).

The paper had some limitations. First, 
appropriate use of antibiotic therapies 
can be difficult to gauge due to clin-
ical considerations that may lead to the 
appropriate lengthening or shortening of 
duration of therapy. Second, the clinical 
stability parameters were determined via 
chart review, which may have led to some 
potential miscategorizations. 

Results reported by the authors mirror 
those of other studies that showed inappro-
priate therapy postdischarge. For example, 
study findings have demonstrated that up 
to 70% of antibiotic courses prescribed at 
discharge could be improved with changes 
such as use of safer or more narrow-spec-
trum antibiotics, lowering duration of 
therapy, or cessation of antibiotic therapy.2

The authors present a compelling case of 
the importance of antimicrobial steward-
ship in postdischarge and transition-of-care 
settings. They highlight that inappropriate 
dosing can occur due to inpatient days 
of treatment not being counted when 
discharging and suggest other improve-
ments that could be made such as the 
frequent use of fluoroquinolones and treat-
ment of asymptomatic bacteriuria. Taken 
together with findings from other literature, 
the post discharge time frame should be 
targeted to aid in the reduction of anti-
microbial use. Data from a 2020 study 
showed that the use of transition-of-care 
pharmacists may help improve discharge 
prescribing practices.7

A rise in the development of antibiotic 
resistance has led to an increased focus 
in antimicrobial stewardship. An increased 
focus on the postdischarge phase of treat-
ment is potentially a way to reduce improper 
or inappropriate antibiotic use and help 
reduce the risk of drug-resistant pathogens 
in patients and the community. 

References are available at 
ContagionLive.com.

Highlighted Study 
Sedlock CE, Cavaretta MJ, Haines AJ, Nguyen KB, Agarwal N, 
Gallagher JC. Appropriateness of prescribed oral antibiotic 
duration at the time of hospital discharge. Antimicrob Steward 
Healthc Epidemiol. 2022;2(1):e105. doi:10.1017/ash.2022.245

That’s Not Appropriate: A Look at Antibiotic 
Prescribing Post Discharge 
by KYLE H. LEE

KYLE H. LEE

Lee is a PharmD 
candidate at 
Northeastern 
University in Boston, 
Massachusetts.

TABLE. Median Duration of Therapy With Interquartile Ranges
All 
diagnoses
n =  300

SSTI
n = 80

CAP
n = 67

COPD
n = 58

Cystitis
n = 33

Pyelone-
phritis  
n = 30

IAI
n = 15

HAP
n = 9

Bronchitis, URTI, 
and pharyngitis
n = 8

Total duration of 
therapy (days)

8 (6-11) 10 (8-14) 7 (7-9) 5 (5-7) 7 (5-7) 13 (10-14) 10 (8.5-17) 7 (7-8) 9 (7.8-13.3)

Excess duration 
compared with 
guidelines (days) 

2 (0-4) 3 (1-6) 2 (2-3.5) 0 (0-0) 3 (0-5) 1 (0-4) 3 (1.5-10) 0 (0-1) 7.5 (5-8)

Excess duration 
compared 
with minimum 
possible (days)

3 (1-5) 4 (2-6) 2 (2-4) 0 (0-1.8) 4 (2-6) 4 (1.3-5.8) 7 (5-13.5) 0 (0-1) 7.5 (5-8)

Duration after 
clinical stability

6 (4-8) 8 (6-10) 6 (4.5-7) 4 (3-5) 5.5 (4-7) 9.5 (8-11.8) 8 (6.5-12.5) 5 (4-5) 7.5 (5.5-13)

  
 *CAP, community-acquired pneumonia; COPD, chronic obstructive pulmonary disease; HAP, hospital-acquired pneumonia; IAI, intra-abdominal infection; SSTI, skin and soft 
tissue infection; URTI, upper-respiratory tract infection.
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Febrile Finesse: Are We Employing Appropriate 
Empiric Coverage in Patients With Neutropenic Fever? 
by ELYSIA BURKE, PHARMD ; and TIFFANY LEE, PHARMD, BCIDP 

Patients with hematologic malig-
nancy requiring intensive chemo-
therapy or stem cell transplant 

who present with neutropenic fever 
require immediate antibiotics. National 
guidelines on the management of 
febrile neutropenia recommend empir-
ically covering primarily gram-negative 
pathogens, particularly Pseudomonas 
aeruginosa.¹ Although gram-positive 
organisms have been more predom-
inant historically, coverage of these 
pathogens did not translate to reduc-
tion in all-cause mortality. Therefore, 
gram-positive coverage is recommended 
only for patients with catheter-related 
infection, skin or soft tissue infection, 
pneumonia, or hemodynamic insta-
bility.² Unless there is a recent history 
of isolation, multidrug-resistant organ-
isms are not generally considered when 
crafting an empiric antibiotic regimen. 
These guidelines, however, were released 
over a decade ago, with little additional 
data on the epidemiology of pathogens 
in this population during the interim 
period. Overall rising rates of antimi-
crobial resistance in the community in 
combination with a paucity of contem-
porary data led Zimmer et al to eval-
uate the current effectiveness of empiric 
antibiotic therapies in high-risk cancer 
patients with febrile neutropenia due to 
bloodstream infection.³ 

This study included adult patients 
with hematologic malignancies who 
were treated for febrile neutropenia (ie, 
temperature higher than 38 °C and abso-
lute neutrophil count <500 cells/μL) 
secondary to bacteremia across 14 large 
cancer centers in the United States. 
Notable exclusion criteria included 
patients receiving antibiotics outside 
a prophylaxis indication and those 
with contaminated blood cultures. 
The primary outcome of interest was 
the development of “critical illness,” 
which is a composite end point encom-
passing a need for ventilator support or 
vasopressors, or death within 30 days 
from index blood cultures. Data of the 
infecting pathogens were collected for 
epidemiological purposes and used to 
determine rates of appropriate empiric 
antibiotic therapy. 

A total of 343 patient encounters were 
included in the final analysis: 68% of 
patients had received chemotherapy 
alone, whereas 32% had received a hema-
topoietic stem cell transplant. The 
median Pitt bacteremia score was 1 and 
10% of patients required vasopressors. 
The primary outcome of 1 or more critical 
illness events occurred in 14.6% of 
patients. Additional details on clinical 
outcomes are listed in Table 1.   

TABLE 1. Clinical Outcomes by Day 30
Primary outcome, n (%) N = 343

≥ 1 critical illness event 50 (14.6)

Mortality 32 (9)

New ventilation support 15 (4)

New pressor requirement 16 (5)

There was an even distribution of 
gram-negative and gram-positive patho-
gens among the 389 bacterial isolates 
recovered from study participants 
(47% and 49%, respectively). Additional 
pathogen distributions are listed in 
Table 2. Common empiric antimi-
crobials include cefepime (62%) and 
piperacillin-tazobactam (23%). Resistant 
gram-positive coverage was empirically 
started in approximately half of patients 
(48%), with vancomycin as the most 
common agent. Cefepime and piperacil-
lin-tazobactam were found to be active 
against 84% to 88% of gram-negative 
pathogens. Fluoroquinolones were active 
against 49% of gram-negative pathogens. 
Overall, 86% of single gram-negative 
and 80% of single gram-positive bacte-
remia were covered by monotherapy with 
either cefepime, piperacillin-tazobactam, 
or meropenem. 

The findings of this study suggest that 
guideline recommendations to maintain 
an emphasis on empiric gram-negative 
coverage are still appropriate in most 
patients with high-risk febrile neutro-
penia. From an epidemiological stand-
point, this is further bolstered by a relative 
proportional increase in gram-negative 
pathogens compared with the historical 
predominance of gram-positive patho-
gens. Cefepime, in particular, remains 
a strong option to cover the majority 
of causative organisms despite growing 

concerns for multidrug resistance in 
gram-negative pathogens. Additionally, 
cefepime demonstrated activity against 
the majority of gram-positive isolates, 
particularly with Viridans group strepto-
cocci (VGS). Additional data are needed 
to examine the role of piperacillin-ta-
zobactam and carbapenems in VGS 
coverage. As with all empiric coverage, 
it is always vital to ensure that deci-
sions are guided by local antibiograms 
and pathogen distribution. Although 
this study represented a geographically 
diverse patient population, most of the 
data were pulled from large academic 
medical centers, which may skew the 
predominance of pathogens. 

References are available at 
ContagionLive.com.
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TABLE 2. Pathogen Distribution
Pathogens, n (%) N = 389

Gram-negative organisms 183 (47)

 Escherichia coli 86 (22)

 Klebsiella spp 34 (9)

 Pseudomonas aeruginosa 28 (7)

 Enterobacter cloacae 20 (5)

 Stenotrophomonas 3 (1)

 Other Enterobacterales 5 (1)

 Other gram negative 7 (2)

Gram-positive organisms 189 (49)

 Viridans group streptococci 92 (24)

 Staphylococcus aureus 33 (8)

Oxacillin resistant 18 (5)

Oxacillin susceptible 15 (4)

 Coagulase-negative staphylococci 27 (7)

 Enterococcus spp 18 (4)

Vancomycin resistant 10 (3)

Vancomycin susceptible 8 (2)

 Rothia spp 9 (2)

 Streptococcus pneumoniae 3 (0.5)

 Other gram positive 8 (2)

Anaerobes 17 (4)

 Active member of the Society of Infectious Diseases Pharmacists 
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REVISED BREAK POINTS
Piperacillin-tazobactam for 
Pseudomonas aeruginosa 

At the January 2022 Clinical and 
Laboratory Standards Institute 
(CLSI) meeting, an Ad hoc working 

group (AHWG) on piperacillin-tazo-
bactam (PTZ) presented on potential 
revisions for the break points that apply 
to Pseudomonas aeruginosa due to new 
clinical outcomes data and updated 
pharmacokinetic/pharmacodynamic 
(PK/PD) data. In 2021, CLSI updated 
PTZ break points for Enterobacterales; 
however, the break points for P aerugi-
nosa have not been addressed since 2012. 
The approved break points for P aerugi-
nosa were consistent with the updates 
made in 2021 for Enterobacterales (Table).

The clinical outcomes data revealed 
increased clinical failure rates when 
isolated P aeruginosa had higher 
minimum inhibitory concentration 
(MIC) values. Findings from 1 retrospec-
tive study evaluating 30-day mortality 
from pseudomonal bacteremia (MIC, 
32-64 μg/mL) demonstrated that patients 
treated with PTZ had significantly 

higher mortality (85.7%) compared with 
the control group (22.2%).1 In another 
retrospective study, among 170 pediatric 
patients with P aeruginosa bacteremia, 
data revealed 9% mortality when the 
isolate MIC was 16 μg/mL or less, and 
24% when the MIC increased to 32 to 
64 μg/mL.2 Another study evaluating the 
“microbiological efficacy” of PTZ against 
P aeruginosa–induced bacteremia found 
an efficacy rate of 93.3% (28 of 30) for 
infections caused by isolates with a MIC 
of 16 μg/mL or less, 55.6% (5 of 9) for 32 
μg/mL, and 0.0% (0 of 3) for those with 
MICs of 64 μg/mL.3 The AHWG reported 
that clinical outcomes data available for 
PTZ against P aeruginosa were limited by 
the small cohort sizes, lack of extend-
ed-infusing dosing schemes, and nonuse 
of broth microdilution (BMD) to deter-
mine MIC values.

The AHWG determined that PK/
PD was more informative in necessary 
changes to the PTZ break point for P 
aeruginosa. PTZ is formulated as a fixed 
8:1 dose of piperacillin to tazobactam, 
but susceptibility tests use a fixed 
4-μg/mL concentration of tazobactam, 
which ignores its fluctuating concentra-
tion-time profile in vivo.4,5 The PK/PD 
data presented showed how different 
dosing regimens provided acceptable 
probability of target attainment (PTA) 
rates for MICs up to a certain concentra-
tion. Some of the data presented from 
population PK studies with thousands 
of Monte Carlo simulations revealed 
that many different dosing regimens, 
including the package insert dosing 
(3.375 g every 6 hours over 30 minutes), 
met acceptable target attainment rates 
(> 95%) of infections with MICs of 8 μg/
mL or less.6,7 They further reported that 
more intensive dosing regimens (eg, 3.375-
4.5 g intravenously [3-hour infusion] every 
6 hours) were needed to maximize the 
percentage of time that free drug remains 
above the MIC over a 24-hour period. 
This was especially true for patients with 
augmented renal clearance, who were 
more likely to have isolates with higher 
MIC values of 16 μg/mL or above.6 This 
and other PK/PD data presented justified 
lowering the susceptibility break point 

from 16 μg/mL or less to 8 μg/mL or 
less, with comments for applicable dosing 
regimens (Table).  

Levofloxacin for 
Stenotrophomonas maltophilia 
In January 2022, an AHWG was convened 
to evaluate the Stenotrophomonas malto-
philia break points in light of new PK/
PD analyses.8,9 S maltophilia is an oppor-
tunistic, environmental, nonfermenting 
gram-negative rod with increasing preva-
lence—especially among critically ill and 
immunocompromised individuals. Work 
was done in the early 2000s to establish 
specific break points for S maltophilia, but 
at the time these original break points 
were established, few PK/PD data were 
available for these organisms. 

There are notable differences in 
recognized S maltophilia break points 
between the CLSI and the FDA. The 
FDA recognizes only a ceftazidime MIC 
break point whereas CLSI recognizes 
MIC break points for ceftazidime, cefid-
erocol, chloramphenicol, levofloxacin, 
minocycline, ticarcillin/clavulanate, and 
trimethoprim/sulfamethoxazole. With 
new PK/PD data in hand for levofloxacin, 
minocycline, and trimethoprim/sulfame-
thoxazole,8,9 the AHWG set out to first 
evaluate the current levofloxacin break 
points, with a plan to evaluate other 
agents for upcoming meetings.

The AHWG evaluated 3 papers using 
in vivo PK/PD models, 2 of which 
used a neutropenic murine pneumonia 
model10,11 and 1 of which used the  
neutropenic murine thigh infection 
model9 to evaluate levofloxacin effi-
cacy against S maltophilia. Two of 
these studies used dosing that does not 
simulate clinically relevant levofloxacin 
exposures; however, the data from the 
thigh infection model (using dosing that 
simulated a 750-mg human daily dose) 
suggested that only isolates with MIC 
values of 1 mg/L or less would have signif-
icant reductions in bacterial density at 24 
hours after infection. The corresponding 
Monte Carlo simulations suggested that a 
break point of 0.5 mg/L (with 96% PTA) or 
1 mg/L (72% PTA) would be appropriate.

Data from a plethora of studies 
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assessing clinical outcomes12 were also 
evaluated; however, most papers were 
retrospective observational studies and 
did not include outcomes stratified by 
MIC value. Because of the retrospective 
study design and the propensity for S 
maltophilia to be a colonizing organism 
(ie, not pathogenic), clinical outcomes 
among these studies were difficult to 
interpret. Findings from these clinical 
studies did not provide robust data for 
or against a change in the break point. 
An evaluation of clinical outcomes for 
patients treated with levofloxacin and 
stratified by pathogen MIC, using data13 
from a large multicenter hospital data-
base, is currently underway. 

Finally, an evaluation of levofloxacin MIC 
distribution and BMD reproducibility was 
conducted using several data sets.14 The 
MIC mode was determined to be 1 mg/L, 
with acceptable rates of essential agree-
ment for BMD and disk diffusion break 
points if the susceptibility break point 
were to be lowered to 1 mg/L or less. 
After significant discussion and motions 
to either leave the current susceptibility 
break point as is (≤ 2 mg/L) or lower the 
break point to 1 mg/L or less, the full 
subcommittee voted to keep the current 
levofloxacin break points with the addition 

of a comment that levofloxacin should 
not be used as monotherapy (Table). The 
committee also favored the continued 
reevaluation of levofloxacin break points 
along with other S maltophilia antibiotics 
for future review by the AHWG. 

Aminoglycosides for P aeruginosa 
and Enterobacterales
At the June 2022 CLSI meeting, the 
AHWG on aminoglycosides presented 
lengthy data supporting their 2 
proposals regarding the break points 
for several aminoglycosides for both 
Enterobacterales and P aeruginosa. 

The first proposal was to remove 
gentamicin break points for P aerugi-
nosa. This proposed change was consis-
tent with the European Committee on 
Antimicrobial Susceptibility Testing 
(EUCAST).15 This change was approved 
because PK/PD target attainment data 
by MIC revealed that both traditional 
and extended-interval dosing regimens 
resulted in poor (< 20%) PTA for the 
target of 2-log10 colony forming unit 
reduction of P aeruginosa for isolates with 
MICs of 1 μg/mL or less. Additionally, 
the SENTRY Antimicrobial Surveillance 
Program data from 2011 to 2016 for  
P aeruginosa (n = 3379) revealed that the 

majority of isolates during this time frame 
had a MIC greater than 1 μg/mL. 

The second proposal was to reassess 
the break points for aminoglycosides 
for Enterobacterales and P aeruginosa. 
SENTRY Antimicrobial Surveillance 
Program data from 2019 to 2020, in 
which 19,183 Enterobacterales isolates 
were included, showed that the epide-
miological cutoff (ECOFF) values using 
a 95% confidence interval were 1 μg/mL, 
2 μg/mL, and 4 μg/mL for gentamicin, 
tobramycin, and amikacin, respec-
tively. After significant discussion, this 
proposal was ultimately approved by 
lowering the susceptibility break points 
for Enterobacterales to be in line with the 
ECOFF for both tobramycin and amik-
acin (Table). The susceptibility break 
point for gentamicin was lowered to 2 
μg/mL or less, which is consistent with 
the EUCAST break point.15 The SENTRY 
data for P aeruginosa (n = 3379, 2011-
2016) identified the ECOFF for tobra-
mycin as 1 μg/mL, which is reflected 
in the approved changes made to the 
susceptibility break point (Table). 

References are available at 
ContagionLive.com.
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TABLE. Notable New or Revised CLSI Interpretive Criteria and Break Points Approved at CLSI 2022 Meetingsa

MIC (µg/mL)

Agent Organism Susceptible Intermediate Resistant

Levofloxacin S maltophilia Newb (with added comment) ≤ 2 4 ≥ 8

S maltophilia Previousc ≤ 2 4 ≥ 8

Piperacillin-tazobactam P aeruginosa Newd (with added comment) ≤ 16 32 ≥ 64

P aeruginosa Previousc ≤ 16 32-64 ≥ 128

Gentamicin Enterobacterales Newf (with added comment) ≤ 2 4 ≥ 8

Enterobacterales Previousc ≤ 4 8 ≥ 16

P aeruginosa New Removal Removal Removal

P aeruginosa Previousc ≤ 4 8 ≥ 16

Tobramycin Enterobacterales Newe (with added comment) ≤ 2 4 ≥ 8

Enterobacterales Previousc ≤ 4 8 ≥ 16

P aeruginosa New ≤ 1 2 ≥ 4

P aeruginosa Previousc ≤ 4 8 ≥ 16

Amikacin Enterobacterales Newf (with added comment) ≤ 4 8 ≥ 16

Enterobacterales Previousc ≤ 16 32 ≥ 16

CLSI, Clinical and Laboratory Standards Institute; MIC, minimal inhibitory concentration; P aeruginosa, Pseudomonas aeruginosa; S maltophilia, Stenotrophomonas maltophilia. 
aApproved at the 2022 meetings; to be published in the 33rd edition (2023) of the CLSI M100 document.
bBreak points to stay the same with the addition of a comment that levofloxacin should not be used as monotherapy, with ongoing evaluation.
cPrevious break points are cited from the 32nd edition (2022) of the CLSI M100 document.
dBased on dosing of 4.5 g every 6 hours over 30 minutes or 4.5 g every 6 hours over 3 hours.
eBreak points are based on a dosage regimen of 7 mg/kg administered parenterally every 24 hours.
fBreak points are based on a dosage regimen of 20 mg/kg administered parenterally every 24 hours.



Herpes simplex viruses (HSV) cause 
chronic viral infections, and the 
seroprevalence ranges from 15% 

to 100%. The World Health Organization 
(WHO) reported that 3.7 billion people 
under the age of 50 years had HSV-1 
infection, and genital herpes caused by 
HSV-2 affected an estimated 491 million 
people aged 15 to 49 years worldwide in 
2016.1 The seroprevalence of HSV-1 and 
HSV-2 were 47.8% and 11.9%, respectively, 
among individuals aged 14 to 49 years 
in the United States.2 Substantial racial 
and ethnic disparities in HSV-2 infection 
exist. The cumulative lifetime incidence 
of HSV-2 reaches 25% in White women, 
20% in White men, 80% in Black women, 
and 60% in Black men.3

PATHOPHYSIOLOGY AND 
TRANSMISSION
Herpes viruses possess an internal 
core containing double-stranded DNA 
surrounded by tegument and a lipid 
envelope. Both HSV-1 and HSV-2 are 
shed on mucosal surfaces or in oral 
or genital secretions and transmitted 
through inoculation of the virus onto 
mucosal surfaces or abraded skin.3 The 
primary HSV infection tends to be more 
prolonged and severe than recurrent 

infections. Following the primary infec-
tion, the virus enters sensory neurons, 
from which it is then transported to 
neuronal cell bodies where latency can 
be established. Subsequent reactivation 
causes recurrent less severe mucocu-
taneous infections of the oral cavity or 
genitalia. HSV-2 can be asymptomati-
cally shed in the genital mucosa.4

PRESENTATIONS
Susceptible persons who are seronega-
tive develop primary infection after their 
first exposure to HSV. Initial infection 
occurs when a person who is seroposi-
tive for either HSV-1 or HSV-2 is infected 
with the other virus for the first time.4 

Manifestations of the primary infection 
can be asymptomatic, mild, or severe. 
The most common sites of infection are 
the skin and the mucous membranes 
regardless of virus type. HSV-1 infec-
tion typically presents first as pain and 
paresthesia in the orolabial area followed 
by 3 to 5 vesicles that heal after several 
days.  The primary infection may be 
accompanied by fever, systemic symp-
toms, and intraoral lesions. Intraoral 
ulcerative lesions indicate primary infec-
tion, whereas lip lesions suggest recurrent 
infection. Primary infection lasts around 

2 to 3 weeks whereas recurrences tend to 
be shorter, around 8 to 10 days. Although 
both HSV-1 and HSV-2 can cause devas-
tating encephalitis, HSV-1 is by far the 
most common agent; furthermore, HSV-1 
encephalitis is the most common fatal 
encephalitis in the US. Other manifesta-
tions of HSV-1 infection include herpetic 
whitlow, herpes gladiatorum seen in 
wrestlers, eczema perpeticum in patients 
with atopic dermatitis, and erythema 
multiforme. Genital herpes typically 
starts as papules followed by vesicles, 
pustules, and finally ulcers.  HSV-2 peri-
anal and proctitis are most common 
in men who have sex with men. The 
condition can cause urinary retention 
in women.  Localized inguinal adenop-
athy may also be present with fever 
and systemic symptoms during primary 
infection. Viral meningitis is much more 
common with HSV-2. Benign recur-
rent lymphocytic meningitis (Mollaret 
meningitis) is characterized by recur-
rent self-liming meningitis without 
neurologic sequelae.3,4 Other, more infre-
quent manifestations of HSV are acute 
lumbosacral radiculitis featuring cauda 
equina syndrome with myelitis, referred 
to as Elsberg syndrome,5 and dissemi-
nated HSV infection. Disseminated 

Revisiting Old Foes: Updates on HSV
Herpes simplex viruses are chronic infections that underscore racial and ethnic 
disparities and are afflicting adolescents in increasing numbers.
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develop primary infection after their first 
exposure to HSV.
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infection involves the skin, esophagus, 
liver, lungs, and central nervous system, 
and nearly all cases occur in immuno-
compromised hosts.3

HSV reactivations are common in crit-
ically ill patients with acute respiratory 
distress syndrome (ARDS). HSV-1 DNA 
has been isolated from the respiratory 
tract in patients with severe COVID-19 
ARDS while they are mechanically venti-
lated, and it has also been isolated from 
blood.  The proposed pathogenesis is 
a dysregulated and excessive immune 
response that also causes a deficiency 
of the necessary interferon activity for 
immune control of HSV-1. The therapy 
of dexamethasone and tocilizumab that 
is often used to treat severe COVID-19 
infection can further induce immuno-
suppression and predispose individuals 
to HSV-1 infection.  Cases of pneumo-
nitis as well as 2 cases of fatal acute liver 
failure secondary to HSV-1 reactivation 
have been documented in the literature.6   

DIAGNOSTICS
The infection is typically diagnosed clin-
ically by characteristic painful vesic-
ular lesions in the appropriate clinical 
setting. HSV infection is best confirmed 
by isolation of the virus by an HSV-1/2 
polymerase chain reaction test or viral 
culture from the active mucocutaneous 
lesions or other affected sites. In general, 
the serological test has a limited role in 
diagnosing HSV infection, but it permits 
subtyping of the virus, which may have 
prognostic values for predicting the 
frequency of recurrence after the first 
episode. Acute- and convalescent-phase 
serum is useful in demonstrating sero-
conversion during HSV infection. Should 
we test asymptomatic patients for HSV 
serology? The serology test for asymp-
tomatic individuals is not recommended 
as many commercially available HSV 
serology tests are not sufficiently accu-
rate, and false positive results can cause 
psychological harm among patients. Most 
people remain asymptomatic  and never 
show any manifestation of the disease.7,8    

TREATMENT
The treatment of choice for most is the 
oral guanosine nucleoside analogues  
acyclovir, valacyclovir (prodrug of 
acyclovir), or famciclovir.4  These are 
appropriate treatment options for most 
immunocompetent individuals.4 Patients 
with disseminated and or visceral infec-
tion should receive intravenous acyclovir. 
Acyclovir-resistant strains of HSV are well 

described and mostly seen in immuno-
compromised patients such as recipients 
of solid organ transplant or hematopoi-
etic stem cell transplants, individuals 
with hematologic malignancies or AIDS, 
those receiving antithymocyte biologic 
therapies, and those with congen-
ital immunodeficiencies. Recurrent 
disseminated or local infections can be 
common and associated with resistance 
to acyclovir and likely cross-resistance to 
other guanosine analogues.9,10 The most 
common mechanism of resistance is 
absent, reduced, or altered viral thymi-
dine kinase activity, which is essential 
for the phosphorylation of acyclovir, a 
nucleoside analogue, to be incorporated 
in the viral DNA.4,10 Resistance and treat-
ment failure should be suspected when 
active lesions persist without apparent 
reduction in size or development of satel-
lite lesions 7 to 10 days after initiation of 
guanosine analogues.10 Molecular testing 
for acyclovir resistance is not available. 
A sample for viral culture is needed for 
phenotypic resistance testing. The initial 
step for suspected acyclovir-resistant 
HSV infection is to administer high-dose 
intravenous acyclovir at 10 mg/kg every 8 
hours.11 A higher dose of acyclovir clears 
the lesions in some patients, whereas 
in others the infection may persist. The 
therapy with foscarnet is often effective 
for acyclovir-resistant HSV; although, 
adverse reactions including electrolyte 
disturbances and renal insufficiency are 
common with foscarnet.11,12 Cidofovir can 
also be an option, as it is an deoxycyti-
dine analogue, which does not require 

viral thymidine kinase; however, intrave-
nous cidofovir is associated with severe 
toxicity, including neutropenia.11,13 A new 
antiviral, pritelivir, with a novel mecha-
nism of action, inhibits the helicase/
primase complex and does not require 
activation. Pritelivir is currently under-
going phase 3 clinical trials.10,11,14

PREVENTION
Prevention is more often emphasized 
regarding HSV-2 than HSV-1, given the 
latter’s ubiquitous presence, although 
HSV-2 could become just as ubiqui-
tous.15  Condoms and safer-sex practices 
can reduce the risk of acquiring HSV-2 
infection from an asymptomatic infected 
partner by 30%.16  Abstinence during 
periods with active mucosal lesions is 
important.3  Chronic suppressive therapy 
with valacyclovir reduced transmission of 
genital herpes by 50%.17  Immunization is 
another potential avenue, as it could be 
cost-effective to prevent HSV-1 or HSV-2 
and reduce their associated costs such 
as frequent outpatient visits, antiviral 
therapy, hospitalizations (intensive care 
unit stay for herpes encephalitis), and 
psychological burden. However, vaccine 
efforts have fallen short, possibly because 
HSV-1 and HSV-2 can reactivate even with 
intact cellular and humoral immunity.4 
There is no promising vaccine under way.  

CONCLUSION
Genital herpes caused by HSV-2 affects 
an estimated 491 million (13%) indi-
viduals aged 15 to 49 years worldwide.1 

HSV is a lifelong infection; the preva-
lence increases with age, although the 
highest number of new infections is in 
adolescents. Both HSV-2 and HSV-1 are 
spread through contact with a herpetic 
lesion, mucosal surface, or genital or 
oral secretions of an infected person. 
Consistent condom use is the mainstay 
of preventing HSV-2. Antiviral agents are 
effective in reducing the risk of transmis-
sion, preventing recurrent genital herpes, 
and treating the disease. The prevalence 
of acyclovir-resistant HSV is less than 1% 
in immunocompetent individuals.18 High-
dose acyclovir and foscarnet are usually 
effective in treating acyclovir-resistant 
HSV infection. Despite the global health 
burden of HSV and several decades of 
research, there are no licensed prophy-
lactic or therapeutic vaccines. 
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Historical Perspective: 
Lessons from SARS-CoV-1

Before the emergence of COVID-19, this 
precursor virus was a global concern. 
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variety of categories. These include 
testing, policy, vaccine development 
and deployment, nonpharmaceutical 
interventions, transmission dynamics, 
quarantine and isolation guidance, 
communication, global partnerships, 
and more. Moreover, this isn’t our 
first time dealing with a novel coro-
navirus. In late 2002 we experienced 
SARS-CoV-1 and then in 2012 we had 
the Middle East respiratory syndrome 
coronavirus (MERS-CoV). 

Prior to COVID-19, I spent a few 
years examining these 2 novel coro-
navirus outbreaks in relation to infec-
tion prevention and public health 
response. In every outbreak, we know 
there will be challenges—in commu-
nication, rapid testing for and identi-
fication of a potential novel disease, 
frustrations around quarantine, and 
increased potential for transmission 
in higher-risk environments such as 
health care and households. We also 
must ensure that cross-functional part-
nerships are working effectively. But 
despite the lessons learned, we often 
don’t see the importance of using this 
hard-earned knowledge to build a more 
agile response to help break the cycle 
of neglect and using evidence from 
previous outbreaks to gauge future 
events. This is the first of a 2-part 
miniseries on the historical perspec-
tive from our experience with severe 
coronaviruses. The first part focuses on 
SARS-CoV-1 and the second will discuss 
MERS-CoV. I should note that no “look-
back” is perfect: Data and accounts 
may conflict, not all information is 
perfect, but hopefully this review will 
provide some insight to help us look 
at COVID-19 through a new lens and 
prepare for the next novel coronavirus 
more effectively. 

LESSONS FROM SARS-COV-1
The first case of SARS, which would 
be identified retrospectively, occurred 
in November 2002 in the Guangdong 
province of China. It would become 
the first known case resulting from a 
novel coronavirus that caused an inter-
national outbreak across 2 dozen coun-
tries in North America, South America, 
Europe, and Asia before its transmis-
sion was halted in July 2003. Between 
November 2002 and February 2003, 
SARS spread throughout Guangdong. 
There were reports of a “strange conta-
gious disease” that was inducing panic 

and a run on medicine, but alerts 
were not sent to the World Health 
Organization (WHO) until things began 
to spiral out of control. Chinese health 
officials underreported the number of 
cases during their initial disclosure, 
but eventually reported nearly 800 
cases shortly after their first account 
to the WHO.  The agency was not noti-
fied until February 2003, and although 
the outbreak started in Guangdong, 
our concern in this article is with the 
Canadian portion. 

The Toronto, Canada, SARS outbreak 
represented a pivotal moment in 
public health and outbreaks in the 21st 
century. The spread of the disease from 
China through a single person via air 
travel and then its rapid transmission 
within hospitals underscores the ability 
of novel diseases to spread, especially 
via super-spreader events. Control 
measures for the disease proved prob-
lematic even though mass quarantine 
and inconsistent infection control 
recommendations were enforced. 
The Toronto outbreak developed in 
2 phases: Phase 1 occurred across 4 
hospitals and included patients, health 
care workers, and visitors, whereas 
phase 2 involved health care workers 
and visitors at a single hospital.

The SARS outbreak, especially as it 
concerns the cases in Toronto, under-
scores the ramifications of poor infec-
tion control practices and the role 
of hospitals as amplifiers of disease 
transmission during an outbreak. 
Researchers have found that 72% of 
cases in Toronto and 22% of cases in 
Hong Kong were a result of nosocomial 
transmission,2 which varied during 
each phase of the outbreak. Svoboda 
et al noted such differences in noso-
comial transmission in Toronto; the 
percentage of patients exposed while in 
a hospital ward rose from 17% in phase 
1 to 88% in phase 2. 

Throughout the literature, there 
are indications of several trends that 
facilitated the spread of SARS. Lack 
of diagnostic testing, response to a 
novel disease, recommendations for 
and adherence to personal protective 
equipment (PPE), and management of 
visitors were all challenges that hospi-
tals and those involved with the public 
health response experienced during the 
outbreak. Infection control failures that 
facilitated the spread of the disease 
included limited information, delayed 
isolation, flawed adherence to PPE 
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requirements, and administrative responses 
that fueled confusion. 

LACK OF INFORMATION
Perhaps one of the most challenging aspects 
regarding control of the outbreak was the 
novelty of the disease. Because SARS presented 
as an atypical severe pneumonia, which does 
not require isolation precautions beyond a 
mask, initial identification and isolation imple-
mentation was less likely. McDonald et al point 
to the nonspecific SARS symptoms and lack of 
rapid diagnostic tests as problematic during the 
outbreak. Sound familiar? Even in April 2003, 
the WHO was scrambling to develop a test as 
the 3 diagnostic tests that were available were 
limited in their efficacy. Clinicians had to rely on 
patients reporting their travel history, previous 
hospitalization, and/or contact with a prob-
able case as a way of assessing likelihood of 
SARS infection. Without a rapid diagnostic test, 
screening visitors and health care workers for 
relevant exposures or symptoms became critical 
for isolation, but such efforts rely on vigilance 
and transparency. Screening can be an effective 
infection control measure but in the absence of 
widespread disease activity, assessing visitors 
and staff for relevant exposure quickly lost its 
“discriminating ability.”1 The delay in establishing 
recommendations for isolation precautions, 
diagnostic tests, and other infection control 
measures meant transmission continued unen-
cumbered. Novel diseases, of which SARS is a 
prime example, inherently pose unique chal-
lenges for health care workers and infection 
prevention and control (IPC) efforts. Moreover, 
lack of information does little to encourage strict 
isolation for patients with ambiguous symptoms, 
and pneumonia isolation guidance that ranged 
from standard to droplet precautions, which 
leaves room for interpretation. Ultimately this 
meant that health care workers were faced with 
a stark reality: Any patient entering a health 
care facility with a fever and respiratory symp-
toms could have SARS. Once the disease was 
better understood and knowledge was dissemi-
nated, the systemic issues of lackluster infection 
control adherence became problematic. 
 
DELAYED ISOLATION
The initial registration and screening of patients 
during triage is the prime opportunity for initi-
ating isolation to prevent the spread of infec-
tious diseases. Delayed isolation of patients 
is already an issue in nonoutbreak situations; 
however, during the SARS outbreak it became 
a source of transmission. An analysis of trans-
mission in Singapore found several examples of 
delayed isolation, which resulted in the expo-
sure of dozens of people per infected patient. 
A 3-day isolation delay for 1 patient resulted 
in 25 cases total, which included 12 health 

care workers, 4 patients in the same unit, and 
8 visitors.1 In fact, 1 patient of a super-spreader 
event in Singapore had several comorbidities, 
which led health care providers to dismiss the 
possibility of SARS, thus delaying isolation and 
proper respiratory protection further. 

Patients of super-spreader events represent 
a small group of people who are highly infec-
tious but, as Richard A. Stein PhD, noted, such 
events have multiple factors that also include 
changes in airflow dynamics, misdiagnosis, and 
interhospital transfers.1 The complexity of the 
super-spreader phenomenon indicates that both 
physiological and IPC-health care dynamics aid 
in the larger range of transmission. Twenty-seven 
secondary cases resulted from the aforemen-
tioned patient not being properly isolated for 8 
days.2 Unrecognized cases and the nonspecific 
symptoms of patients with SARS, coupled with 
subpar infection prevention practices, supported 
nosocomial transmission and amplification 
of the disease. Even after the outbreak began, 
determining if incoming patients were suffering 
from a novel disease versus a severe pneumonia 
was challenging. Depending on which organism 
causes pneumonia, the recommended isolation 
precautions range from standard to droplet. 
This ambiguity in a triage environment leaves 
considerable room for variability in isolation 
enforcement. Delays in isolation underscore 
the challenges of responding to a novel disease 
and the endemic problem of poor adherence to 
infection control practices. McDonald et al note 
that in Toronto and Taiwan, patients with unrec-
ognized SARS were the main source of transmis-
sion and that eventually, early detection and/or 
continuous use of PPE was pivotal in slowing 
disease spread.2

 
PPE ADHERENCE
In general, much of what we learned regarding 
SARS-CoV-1 stems from our experiences in 
health care, as the setting was such a signifi-
cant source of transmission. We can extrapo-
late some of these nuances into public health 
guidance for nonpharmaceutical interventions, 
especially for essential workers. Once infection 
control guidance was established (eg, specifics 
of isolation precautions, PPE, and laboratory 
practices), the challenge then became ensuring 
that health care workers adhered to it. The 
enhanced IPC measures, including the use 
of PPE, were required by Toronto’s provincial 
Ministry of Health for hospitals. Adherence to 
PPE recommendations became a critical compo-
nent in reducing transmission, as the isolation 
of patients with SARS was frequently delayed. 
In both phases of the Toronto outbreak, trans-
mission was facilitated by unrecognized cases 
of SARS; however, it was the breaches in IPC 
practices during the second phase that fueled 
such rapid spread. According to McDonald et 

al, “the second phase resulted from unknown 
transmission of SARS-CoV-1 among hospital-
ized patients during a period when healthcare 
workers were being instructed to wear personal 
protective equipment, including gowns, gloves, 
and masks.”2 Following the first phase of SARS in 
Toronto, PPE and isolation precaution practices 
were relaxed, which amplified the spread and 
led to the second phase. Following this realiza-
tion and acknowledging the realities of infection 
control adherence and high rates of nosoco-
mial cases, hospitals and public health officials 
worked to reduce transmission within health 
care. In Singapore, many hospitals opted to have 
all health care workers wear N95 masks, gowns, 
and gloves at all times.3 Unfortunately, differing 
opinions on respiratory protection requirements 
reportedly affected adherence globally.

Similar to the questions surrounding IPC 
practices during the Ebola virus disease cluster 
in Dallas, there were debates during the SARS 
outbreak regarding respiratory protection.3 
Some questioned whether surgical masks 
were enough, or N95 masks sufficient, or even 
whether higher levels of protection such as 
powered air-purifying respirators were neces-
sary. Many hospitals required staff to wear PPE 
throughout their shift or for long periods of 
time. Training was also required for support 
services such as environmental, dietary, and 
others who might come into contact with the 
patient. Intense focus on PPE and isolation 
precautions is exhausting for staff, which is 
likely why there was a relaxation of require-
ments. Low notes that “as recommended by 
provincial SARS-CoV-1-control directives, all 
hospitals discontinued SARS-CoV-1 expanded 
precautions (ie, routine contact precautions 
with use of an N95 or equivalent respirator) for 
non-SARS-CoV-1 patients without respiratory 
symptoms in all hospital areas other than the 
emergency department and the ICUs [intensive 
care units].”3 This provincial change to infection 
control practices also allowed staff to cease 
wearing masks throughout the hospitals and 
cease maintaining social distancing, meaning 
that nonoutbreak IPC practices were resumed.

As we have been seeing with the cyclical nature 
of relaxing restrictions and a novel disease, this 
led to a tricky situation for health care workers. 
This decision coincided with WHO removing 
Toronto from the list of areas with recent SARS 
transmission and was likely encouraged by the 
exhaustive hospital efforts that strained supplies 
and personnel. McDonald et al, among others, 
also pointed to the relaxation of IPC recommen-
dations and guidelines as a trigger for the second 
phase of the outbreak in Toronto. Deployment 
of IPC guidance, specifically for PPE, for a 
novel agent during an outbreak already pres-
ents a challenge to the public health response. 
However, systemic issues with health care 
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worker adherence compound such strug-
gles. Ensuring adherence with PPE over 
long periods of time is taxing not only for 
the staff, but also for those in charge of 
disseminating information. Additionally, 
as highlighted by the outbreak’s second 
phase, relaxing vigilance came with a 
heavy cost.

HOSPITAL ADMINISTRATIVE 
RESPONSE
Organizational hospital response 
during the SARS outbreak was crit-
ical in reducing disease transmission. 
Hospital responses ranged from new 
policies to environmental controls that 
focused on supplies and availability 
of negative-pressure patient rooms. 
Environmental control measures and 
logistical changes were ultimately 
utilized by several hospitals around 
the world to manage the influx of 
potentially infectious patients. Toronto 
officials established SARS wards by 
recommissioning existing care facili-
ties or establishing specific SARS units. 
At the peak of phase 2, they initiated 
Code Orange, a government emergency 
response plan that meant hospitals 
suspended nonessential services. The 
limitation of hospital services severely 
impacts revenue and is not a decision 
made lightly. Hospitals also limited 
the number of visitors permitted and 
implemented screening for them. They 
opted to allow visitors for patients in 
SARS units, yet many required both 
screening and utilization of PPE; other 
hospitals required visitors to wear 
surgical masks even if they were visiting 
patients in other (non-SARS) units. 
  In other countries there were also 
cases of hospitals opting to implement 
a no-visitor policy, such as Tan Tock 
Seng Hospital in Singapore. Lastly, 
there was also the practice of screening 
staff for symptoms. Some hospitals, like 
Tan Tock Seng, opted to follow a strict 
regime of temperature monitoring for 
staff as a mechanism for early identi-
fication of illness. Outside the chal-
lenges surrounding early recognition 
and PPE use, hospital practices varied 
during the outbreak, but many chose 
to isolate patients with potential or 
confirmed SARS and implement visitor 
restrictions to help reduce the risk of 
nosocomial transmission. 

From an infection control stand-
point, SARS posed a unique problem 
for hospitals as it was a novel disease 
presenting with nonspecific symptoms. 

This was something we experienced 
again with COVID-19, made even worse 
with the level of presymptomatic and 
asymptomatic transmission. 

Transmitted through droplet- and aero-
sol-generating procedures, SARS-CoV-1 
easily spread throughout health care 
facilities. The role of hospitals in the 
outbreak, especially in Toronto, under-
scores not only their ability to amplify 
disease during outbreaks, but also the 
importance of infection control practices 
when implemented. Analysis by Webb 
et al revealed that in simulations, both 
hospital infection control and quaran-
tine measures were critical in containing 
the SARS epidemic. Moreover, their 
mathematical simulations show that 
the “combination of moderate quaran-
tine but strict hospital infection control 
procedures was the key to the contain-
ment of SARS-CoV-1 in the greater 
Toronto area.”4 According to their anal-
ysis, increasing quarantine did not result 
in significant hospitalization volume, 
whereas a lack of strict hospital control 
procedures increased the outbreak dura-
tion by more than 100 days. Adherence 
to infection control practices had a 
significant role in the SARS outbreak, 
whether it was relaxed practices trig-
gering a second phase or strict adher-
ence helping halt the outbreak. 

An analysis by Loufty et al of 
hospital preparedness in relation to 
SARS-CoV-1 in Toronto hit on a point 
that was rarely addressed in the liter-
ature—infection control staffing. 
They note that at North York General 
Hospital in Toronto, which was hit the 
hardest in the outbreak, there were 
only 2 infection preventionists (IPs), 
and the hospital was ultimately forced 
to recruit additional IPs to establish 
the necessary IPC infrastructure.4 The 
existing IP staffing ratio for Canadian 
hospitals is reportedly 3 IPs per 500 
beds, although Quebec has a 1:133 ratio 
mandate. Loufty et al also point to the 
Delphi project, which recommends 
a ratio of 0.8 to 1.0 IPs for every 100 
beds.5 These staffing ratios are similar 
to those in the United States. During 
the outbreak, however, additional 
staffing was critical for daily rounding 
on the SARS units and for education, 
policy organization and modification, 
and addressing issues in real time. In 
efforts to ensure consistent levels of 
IPC practice, they also established a 
review system to monitor adherence 
to infection control measures, answer 

questions, and conduct surveillance 
for fever and symptoms within the 
hospital units. Recommendations from 
Loufty et al included adequate IPC 
staffing, sustained training and stan-
dards for IPC practices, and provi-
sion of authority for the team to work 
effectively. In fact, this distribution of 
authority over IPC efforts was under-
scored in their analysis as it was crit-
ical for the IPC program to maintain 
a certain degree of authority over the 
issues. The limited IPC staffing and 
resources that are endemic throughout 

health care are especially obvious 
during public health emergencies such 
as the SARS outbreak. Overall, the 
challenges and failures that occurred 
during the outbreak in 2003 are repre-
sentative not only of the systemic infec-
tion control failures within health care, 
but of the operational challenges of 
biothreat response at an administrative 
level. Beyond the challenges of opera-
tionalizing a response to the outbreak, 
substantial financial strain also was 
associated with the novel disease.

FINANCIAL IMPLICATIONS 
AND QUARANTINE
The economic burden from the spread 
of SARS-CoV-1 to 29 countries fell 
across multiple sectors. From tourism 
to retail sales, the financial toll was 
felt well beyond the walls of hospi-
tals and public health programs. 

The SARS outbreak, 
especially as it 
concerns the cases in 
Toronto, underscores 
the ramifications of 
poor infection control 
practices and the role  
of hospitals as amplifiers 
of disease transmission 
during an outbreak.
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For example, the export of goods in 2003 
year over year in Toronto went from 7.1% in 
January to –7.8% in August, whereas in Hong 
Kong it went from 26.7% in January to 7.0% 
in August.4 The SARS outbreak is reported 
to have cost the Asian economies $11 to $18 
billion, with an estimated loss of 0.5% to 2% 
of total output.5 The WHO reported that apart 
from the direct costs to the health care and 
public health systems, there were costs related 
to quarantine efforts enacted across schools, 
hospitals, and even borders. International 
travel to the affected areas dropped by 50% to 
70% and hotel occupancy fell by 60%.6 Some 
estimates put the cost of SARS-CoV-1 at $2.2 
billion in China and $1.7 billion in Hong Kong, 
which were the hardest-hit countries in Asia. 
In Toronto, it is estimated that the outbreak 
cost the city roughly $1 billion.

What about quarantine? Much of the 
world experienced this for the first time 
with COVID-19. But for many individuals 
responding to and living in areas that had 
been affected by SARS-CoV-1, it wasn’t their 
first time dealing with large-scale quarantine 
efforts during a novel coronavirus disease 
outbreak. The application of large-scale quar-
antine was a particularly unique feature of 
the SARS outbreak. In Toronto, 30,000 indi-
viduals were quarantined, whereas only 1282 
were quarantined in Hong Kong and 4090 in 
Shanghai-a substantial difference consid-
ering the vast variation in population (3 
million in Toronto, 7 million in Hong Kong, 
and 18 million in Shanghai).7 Taiwan also 
quarantined roughly 131,132 individuals of 
their population of 22 million. Interestingly, 
of all those quarantined in Toronto, only 
27 required formal orders under the Health 

Protection and Promotion Act.8 As Jacobs 
noted, Toronto had a surprisingly extensive 
application of quarantine efforts during the 
outbreak.7 These efforts were initiated by 
Canadian health officials on March 30, 2003, 
with hundreds of employees of York Central 
Hospital being asked to quarantine them-
selves.9 Public health authorities instructed 
asymptomatic contacts of patients with 
SARS to stay home under quarantine for 10 
days ( from the last known date of exposure), 
which also included sleeping separately, 
using separate personal items (eating uten-
sils, towels, etc), and wearing a mask when 
near household members.10 

Unfortunately, the attempt to halt the 
spread of the disease through quarantine 
efforts also triggered another negative exter-
nality-thousands of Toronto residents quar-
antined in their homes, unable to work, with 
many reporting fear and stress. Blendon et 
al assessed public surveys during this time 
and found that although there was little 
disease spread in the general population, the 
outbreak had a considerable psychological 
impact. Additionally, public health efforts 
to educate residents were of mixed success, 
and communication failures were prevalent.11 
The burden of implementing quarantine by 
public health authorities should also be 
considered during the evaluation of response 
efficacy. Toronto Public Health reportedly 
investigated 2132 potential cases, identi-
fied 23,103 contacts of patients with SARS 
as requiring quarantine, and logged 316,615 
calls on the SARS-CoV-1 hotline.12 Given that 
transmission of SARS mostly occurred in 
hospitals and households, quarantine efforts 
involving hospitalized patients could be quite 

cumbersome. For every case of SARS, public 
health authorities expected to quarantine up 
to 100 contacts and investigate 8 possible 
cases. Schabas noted that for quarantine to 
be useful-an unproven intervention, espe-
cially when dealing with a novel disease-the 
following 3 criteria should be met:

• Individuals likely to be incubating the 
disease must be efficiently and effectively 
identified,

• individuals must adhere to the conditions 
of quarantine, and

• the infectious disease in question must 
be transmissible in its presymptom-
atic or early symptomatic stages.13  

Schabas reported that quarantine in the 
Toronto SARS outbreak failed to meet all  
3 criteria. He emphasized that it was carried 
out on a massive scale, was neither effective 
nor efficient, and ultimately isolated 25 times 
more individuals than required, which was 
repeatedly questioned during the outbreak.

From quarantine to identifying and 
responding to a novel coronavirus with 
nonspecific symptoms, many of these chal-
lenges of the SARS outbreak hit close to home 
when we consider those of COVID-19. Each 
outbreak has its own particular features and 
this review touched upon just a fraction of 
what occurred, but we will continue to repeat 
the same mistakes if we cannot work outside 
the rigid box we have made for ourselves and 
if we persist with an intermittent attention to 
pandemic response. 

References are available at 
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HIV/AIDS

with HIV (PLWH) have life expectancies 
comparable to those of the general popu-
lation in both high-income and low- to 
middle-income countries.1-4 However, 
chronic HIV infection and replication in 
anatomical reservoirs have been asso-
ciated with immunosenescence, driven 
by chronic immune activation, chronic 
inflammation, and microbial translo-
cation processes.1,2,4 This translates to 
a heightened risk of malignancy, infec-
tion, morbidity, and mortality.1 Thus, HIV 
infection and comorbid illnesses continue 
to present barriers to successful aging 
among people aging with HIV (PAWH). 
According to the Centers for Disease 
Control and Prevention, the proportion of 

PLWH 50 years or older increased by over 
100% from 2001 to 2014, with over half 
of HIV-infected persons now past the age 
of 50 years.5 To comprehensively assess 
and address the geriatric principles and 
issues that impact PAWH, the 5 Ms can 
be used: mind, mobility, multicomplexity, 
medications, and matters most.2,6

MIND
Evaluating cognition, mental health, and 
substance use is vital to decreasing risk 
for neurocognitive impairment, namely 
dementia and HIV-associated neuro-
cognitive disorder (HAND).1,2,7 Chronic 
neuroinflammation has been shown to 
contribute to acceleration of neurocog-
nitive aging, as evidenced by greater 

decreases in executive function and 
global cognition.8 HIV infection is also 
associated with greater cerebral white 
matter damage on magnetic resonance 
imaging (MRI) over time, despite effec-
tive treatment response to ART and no 
significant cerebrovascular risk factors.8 

In PAWH, abnormal patterns of neuro-
cognitive aging have also been found in 
HIV-positive individuals with a higher 
prevalence of depressive symptoms, 
with the limitation of most studies 
excluding participants with severe forms 
of psychiatric distress.7 Depression is 
associated with HIV-positive status and 
lifestyle factors, mainly substance use, and 
contributes to higher levels of emotional 
distress, social isolation, loneliness, and 
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HIV-related stigma in PAWH.2,9 Stressors such 
as discrimination, poverty, unemployment, and 
social isolation are disproportionately seen in the 
HIV-positive population and are associated with 
poor health outcomes, depression, and anxiety.9 
As a result, mood disorders, substance use, and 
cognitive decline should be evaluated with the 
Patient Health Questionnaire-9, Generalized 
Anxiety Disorder-7, International HIV Dementia 
Scale, Montreal Cognitive Assessment, Alcohol 
Use Disorders Identification Test, or other 
screening tools as a part of routine care.2,9

MOBILITY
Assessing frailty and physical function to identify 
vulnerable older adults with HIV is vital to devel-
oping multifactorial interventions to preserve 
and optimize mobility. Frailty is commonly 
measured in vulnerable older adults and can 
be viewed in 2 conceptual ways: the pheno-
type model and the cumulative deficit model. 
The phenotype model views frailty as a clinical 
syndrome composed of chronic undernutrition, 
sarcopenia, and weakened strength and exercise 
tolerance, whereas the cumulative deficit model 
views frailty as a state of vulnerability.1,9-11 Both 
refer to age-related deterioration marked by 
diminished physiological reserve and fragility to 
stressors that can be measured by frailty scales, 
such as the Fried frailty phenotype.9,10,12 In addi-
tion to the frailty scale, falls risk assessment and 
self-report of difficulty with activities of daily 
living and instrumental activities of daily living 
provide insight into the degree of disability.6 
The Short Physical Performance Battery is an 
objective measurement tool for lower extremity 
function that has been validated to predict level 
of disability, need for nursing home placement, 
and mortality in persons 65 years and older.6 
Measurement of physical function can be eval-
uated through assessments such as the Get Up 
and Go Test, gait speed, and Functional Reach 
Test. These measures also serve as strong predic-
tors of mobility, disability, cardiovascular health, 
and mortality.12

MULTICOMPLEXITY 
In the era of antiretroviral therapies (ART) with 
high rates of viral suppression and low rates of 
toxicity, non–AIDS-defining illnesses and age-re-
lated comorbidities are becoming the leading 
cause of mortality in PAWH. These comorbidities 
include, but are not limited to, cardiovascular 
disease, hypertension, diabetes, osteopenia/
osteoporosis, cancer, neurocognitive impair-
ment, and kidney and liver diseases.1,2,6,13,14

Cardiovascular disease consistently remains 
the leading cause of morbidity and mortality in 
PLWH, with a nearly 2-fold increased incidence 
of cardiovascular events compared with the 
general population. However, the use of aspirin, 
statin prescriptions, and antihypertensive 

drugs is significantly lower among PLWH.1,15 
PLWH have the traditional risk factors, such as 
smoking, hypertension, obesity, and diabetes, 
along with HIV-related chronic inflamma-
tion, immune activation, and cardiometabolic 
dysfunction associated with the use of certain 
ARTs such as protease inhibitors.1 These factors 
all contribute to a prothrombotic state and 
vascular dysfunction.16 Unfortunately, conven-
tional stratification models such as the athero-
sclerotic cardiovascular disease risk score and 
Framingham risk score do not consider these 
nonconventional risks factors that affect PLWH 
and thus underestimate risk in PLWH.16 Statin 
medications show benefit for both primary and 
secondary prevention through decreasing lipid 
abnormalities and limiting vascular and myocar-
dial inflammation.1,16 

HIV infection was shown to be independently 
associated with low bone mineral density, making 
PLWH almost 4 times more likely to have osteo-
porosis and higher rates of fracture.1,2 Thus, bone 
density screening at least once is recommended 
for postmenopausal women and men over the 
age of 50, yet screening rates remain low.2

Chronic liver disease serves as a major cause 
of morbidity and mortality for PLWH.2,13 Rates 
of coinfection with hepatitis B and C viruses 
are approximately 25 times higher than those 
of the general population, with increased rates 
of cirrhosis and hepatocellular carcinoma due 
to acceleration of liver fibrosis.1 Nonalcoholic 
fatty liver disease has been reported in 30% to 
65% of PLWH and is the most common form of 
liver disease in this population.17 Although the 
prevalence of HIV-associated nephropathy has 
declined in the era of ART, the overall rates of 
acute kidney disease and chronic kidney disease 
have remained unchanged.14 Exposure to drugs 

with nephrotoxic potential such as tenofovir, and 
other comorbidities such as hypertension and 
diabetes, increase the risk for kidney disease.1,14

Although the prevalence of AIDS-defining 
malignancy has subsided over time with ART, 
PLWH have an elevated incidence of non-AIDS 
related cancers, as evidenced by increased rates 
of human papillomavirus–associated cancers 
such as cervical cancer in women and anal 
cancer in both men and women.1,13 Furthermore, 
staying up to date on screenings including 
screening for lung cancer for high-risk patients 
is strongly recommended.1 Among vaccine 
recommendations are those recommended for 
the immunocompromised population, including 
varicella and measles mumps, and rubella if 
CD4 count is 200 cells/μL or higher.2

MEDICATIONS
PLWH have a higher use of antibiotics, anal-
gesics, gastrointestinal drugs, central nervous 
system agents, and respiratory drugs than the 
general population.18 But with increased risk 
for comorbid illnesses, PAWH use more medi-
cations in total and more non-ART medica-
tions compared with older people living without 
HIV.19 Unfortunately, polypharmacy and multi-
morbidity are also associated with lower adher-
ence to ART and other medications, potentially 
leading to worse health outcomes.6,18,19 Thus, 
evaluating medication safety and appropriate 
use is essential to decreasing potential concerns 
associated with polypharmacy. Potential prob-
lems include drug-drug interactions, adverse 
drug effects, increased pill burden, nonadher-
ence, rising health care costs, and increasing 
risk of geriatric syndromes, specifically falls, 
fractures, and dementia.18 

MATTERS MOST
Along with the effects of chronological age, 
other factors and personal priorities of patients, 
such as lifestyle habits, substance use, sexual 
and social health, safety, sensory function (vision 
and hearing), nutrition, and health care utiliza-
tion, should be incorporated into the care of 
PLWH.1,2,6 Because HIV disproportionately affects 
economically and socially disadvantaged groups, 
the health disparities widen with age and pose 
additional barriers to successful aging.

The body of evidence that demonstrates the 
increased burden of comorbidities in a popula-
tion of people aging with HIV continues to grow. 
Therefore, integrating geriatric principles into 
routine HIV care is a highly multidisciplinary 
and resource-intensive process, but it is essen-
tial for optimizing health outcomes and quality 
of life for the aging population with HIV.

References are available at 
ContagionLive.com.
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Amped-up Debate
Demystifying clinical data for treating invasive AmpC-harboring Enterobacterales
by Leanna Liu, PharmD, BCIDP, BCPS 

marcescens for the other. At this point, 
the intern vaguely recalls the SPACE 
or SPICE acronyms (SPACE: Serratia, 
Pseudomonas, Acinetobacter, Citrobacter, 
Enterobacter; SPICE: Serratia, Providencia, 
Indole-positive Proteus, Citrobacter, 
Enterobacter), but after a quick literature 
search, realizes that neither provides a 
clear answer as to which organisms are 
included. Even more perplexing, the 
available primary literature demonstrates 
conflicting data for optimal treatment. 
More confused than ever, the intern calls 
his infectious diseases colleagues with 
a series of questions: Are these really 
AmpC-producing organisms? Should I 
consider them similarly? Do I need to 
change antibiotics for either patient 
before susceptibility results? And if the 
bug is susceptible, will piperacillin-tazo-
bactam be an effective treatment?  

For many clinicians, with or without 
infectious disease training, this scenario 
may sound familiar. AmpC-producing 
organisms are unique, given the scar-
city of clinical data to provide definitive 
answers as well as the confusion that 
results from the initial susceptibility 
report. Complicating matters, the avail-
able rapid diagnostic tests do not differ-
entiate between AmpC-expression levels 
or detect plasmid-mediated AmpC genes 
routinely. Thus, clinicians must rely on 
their empiric knowledge to choose the 
appropriate antibiotics for patients. 

AmpC β-lactamases are class C serine 
β-lactamase enzymes that effectively 
hydrolyze many β-lactam antibiotics, 
including third-generation cephalospo-
rins such as ceftriaxone and ceftazi-
dime. AmpC production levels can be 
summarized as either stable or induc-
ible, and vary by host pathogen. Stable 
or constitutive AmpC production occurs 
by chromosomal derepression or plas-
mid-mediated gene transfer.1 Organisms 
with stable AmpC expression, such as 
Escherichia coli and Salmonella species 
(spp), are more straightforward to 
treat because the enzymes are always 
present, but not overexpressed, so clini-
cians can pick the active agent based 
on the susceptibility panel. Organisms 
harboring inducible AmpC, however, 
represent a greater challenge due to the 

possibility of treatment-emergent resis-
tance. Such inducible resistance can 
develop after even a few doses of the 
wrong antibiotics.2 

Historically, clinicians identifying 
AmpC-producing pathogens have been 
aided by using acronyms such as SPACE 
and SPICE. Despite their widespread use, 
new data provide a rationale for retiring 
these popular terms (Figure 1) and 
have been recently summarized in the 
Infectious Diseases Society of America 
guidance document on the treatment 
of antimicrobial-resistant gram-nega-
tive infections.1 Contemporary knowl-
edge now better defines inducible, 
clinically relevant AmpC production 
in Enterobacter cloacae, Citrobacter 
freundii, and Klebsiella aerogenes (ECK). 
Inducible resistance has been reported 
within a range of 8% to 40% for these 
pathogens specifically.1 Hafnia alvei (H) 

and Yersinia enterocolitica (Yes) are less 
commonly encountered, but still consid-
ered clinically relevant. Putting these 
terms together, the updated acronym 
HECK-Yes has been proposed (Figure 2) 
and more accurately describes the 
pathogens that clinicians should commit 
to memory. In contrast to these patho-
gens, mutation rates are considerably 
lower in Providencia, Serratia spp, and 
Morganella morganii.3

In light of a better understanding of 
the variability in inducible AmpC produc-
tion, responses to a concerned intern 
have certainly shifted in recent years. 
Specifically, treatment for invasive infec-
tions caused by ECK organisms should be 
limited to cefepime or a carbapenem, but 
not piperacillin-tazobactam. Historically, 
carbapenems have been regarded as the 
primary therapeutic choice, but a suit-
able alternative is urgently needed due 
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Moderate to high risk of 
inducible AmpC among 
pathogens commonly 
encountered clinically

Inducible chromosomal 
AmpC genes exist, 

although less commonly 
encountered, and 

available data are limited. 
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FIGURE 2. Newly Adopted HECK-Yes Acronym 
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FIGURE 1. Species-Specific AmpC Derepression Mutation Rates for Various Enterobacterales per SPICE/
SPACE Acronyms. 

*The calculated mean mutation rate was reported in an in vitro study by Kohlmann et al.3

(SPACE: Serratia, Pseudomonas, Acinetobacter, Citrobacter, Enterobacter; SPICE: Serratia, Providencia, Indole-positive Proteus,  
Citrobacter, Enterobacter).
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to the rise of carbapenem-resistant organisms. 
In vitro data have shown that cefepime is both 
a weak AmpC inducer and stable against hydro-
lysis by AmpC.4 Although developed as a β-lac-
tamase inhibitor, tazobactam is not effective 
in vitro for inhibiting AmpC hydrolysis, which 
makes piperacillin-tazobactam a less desir-
able choice.5 Consensus among experts favors 
cefepime over piperacillin-tazobactam based on 
recent clinical data,6-8 even though a head-to-
head comparison has not been conducted and 
the evidence is less than conclusive. Given the 
noninferior efficacy compared with meropenem, 
cefepime should be prioritized for ECK patho-
gens whenever the suspicion of extended-spec-
trum β-lactamase (ESBL) coproduction is low.9 

When Enterobacterales isolates exhibit cefepime 
dose-dependent susceptibility or a minimum 
inhibitory concentration of 4 to 8 mcg/mL, 
carbapenems may be a reasonable alternative. 
The debate surrounding the role of piperacil-
lin-tazobactam is fueled by the potential for 
inducible resistance and uncontrolled clinical 
data. Although not statistically significant, find-
ings from at least 2 studies have shown numer-
ically higher rates of mortality among patients 
treated with piperacillin-tazobactam compared 
with alternative agents such as cefepime or 
meropenem.10,11 In a 2019 meta-analysis of 13 
observational studies including 1021 patients, 
the 30-day mortality while being treated for 
AmpC-producing Enterobacterales bacteremia 
was not significantly different between patients 
receiving piperacillin-tazobactam and those 
receiving carbapenems (odds ratio, 1.13; 95% CI, 
0.58-2.05).12 In the MERINO II open-label pilot 
study (NCT02437045), 72 patients with bacte-
remia caused by Enterobacter spp, K aerogenes, C 
freundii, M morganii, Providencia spp, or S marc-
escens were treated with piperacillin-tazobactam 
or meropenem. The piperacillin-tazobactam 
group had a significantly worse microbiolog-
ical failure than the meropenem group, but the 
major composite outcome of death, microbio-
logical failure, clinical failure, or microbiological 
relapse was not different (risk difference, 8%; 95% 
CI, –12% to 28%).13 Notably, data from MERINO 
II are hard to interpret due to the trial’s rela-
tively small sample size and discrepant outcome 
results. A larger clinical trial is required to deter-
mine whether piperacillin-tazobactam can be a 
successful carbapenem-sparing strategy, partic-
ularly in hospitalized, critically ill patients. 
Piperacillin-tazobactam has a broader spec-
trum coverage for the treatment of polymicro-
bial infections than cefepime, which is beneficial 
for patients with intra-abdominal infections who 
may need coverage against enterococcus and 
anaerobic bacteria. Piperacillin-tazobactam may 
be a viable alternative for treating noncritically 
ill patients among those showing evidence of 
clinical improvement. 

Regardless of the antibiotic selection, dosing 
for both cefepime and piperacillin-tazobactam 
should always be optimized for invasive infec-
tions to maximize pharmacokinetic exposures 
and pharmacodynamic killing. Both drugs 
should be infused over at least 3 hours whenever 
possible, and renal function should be monitored 
carefully to minimize the risk of neurotoxicity.1

What about the other pathogens that may 
not produce clinically relevant levels of AmpC, 
specifically for the treatment of invasive infec-
tions due to S marcescens, Providencia, and  
M morganii? Treatment for those organisms 
presents less of a dilemma because clinicians 
can take susceptibility results at face value and 
consider de-escalation to ceftriaxone if suscep-
tible. Non–β-lactam options such as fluoro-
quinolones or trimethoprim-sulfamethoxazole 
(TMP-SMX) are not a substrate for AmpC hydro-
lysis, and therefore should be considered either 
intravenously or as oral step-down therapy. 
Although no evidence from high-quality clinical 
trials exists to establish the role of fluoroquino-
lones or TMP-SMX for the treatment of AmpC 
Enterobacterales non–urinary tract infections, 
data from multiple observational studies have 
demonstrated these agents to be reasonable oral 
choices for patients who have clinically improved 
and are able to absorb oral antibiotics.14,15

A related question stems from the avail-
ability of novel β-lactam-β-lactamase inhibitor 
combination agents (ie, imipenem-cilasta-
tin-relebactam, meropenem-vaborbactam, 
ceftolozane-tazobactam, and ceftazidime-avi-
bactam) as well as newer β-lactams (ie, cefid-
erocol) that are stable against AmpC hydrolysis. 
What role should these agents play in the 
treatment of invasive infections, particularly 
in the empiric setting? Both imipenem-cilasta-
tin-relebactam and meropenem-vaborbactam 
are novel carbapenem-β-lactamase inhibitor 
combinations, but their ability to withstand 
AmpC hydrolysis is not the same. Relebactam is 
a very good AmpC inhibitor, but vaborbactam is 
not.16 Regardless, adding a novel inhibitor to a 
carbapenem is rarely necessary for ECK patho-
gens because carbapenems alone retain potent 
in vitro activity against both AmpC and ESBL-
producing organisms. Both agents should be 
reserved for life-threatening infections caused 
by organisms demonstrating carbapenem 
resistance. When such resistance occurs, the 
underlying mechanisms vary, and may include 
carbapenemase production and porin loss in 
addition to AmpC and ESBL enzymes.16 

On balance, novel cephalosporin-β-lactamase 
inhibitor combinations may offer an advantage 
when carbapenem resistance evolves; however, 
each should be evaluated independently. 
Because tazobactam is a weaker AmpC β-lac-
tamase inhibitor compared with avibactam 
in vitro,5,16 ceftolozane-tazobactam may be a 

less desirable treatment option.17 The multi-
center,   open-label,  noninferiority MERINO III 
trial (NCT04238390) was designed to compare 
ceftolozane-tazobactam vs meropenem in adult 
patients with bloodstream infection caused by 
ESBL or AmpC Enterobacterales. Unfortunately, 
the study currently has been withdrawn due 
to the impact of the COVID-19 pandemic.18 In 
treating cefepime- or carbapenem-resistant 
Enterobacterales when novel agents are justified, 
ceftazidime-avibactam presents as a rational 
alternative. Cefiderocol has also been shown to 
exhibit in vitro activity against AmpC, providing 
another viable carbapenem-sparing option.19 

Although novel agents offer new tools to fight 
against difficult pathogens, novel mechanisms 
of resistance evolve inevitably. Ceftazidime-
avibactam has already been reported as 
defeated in the case of studies following 
cefepime treatment in patients in the absence 
of prior novel agent exposure.20 The treated 
isolates in the case study also demonstrated 
coresistance to cefiderocol. A modification in 
the AmpC enzyme was found to be responsible 
for the resistant phenotype demonstrating the 
incredible plasticity of β-lactamase enzymes. 

The challenge in demystifying inducible 
AmpC Enterobacterales is far from over. 
Clinicians must evaluate patient-specific and 
infection-specific factors when managing 
AmpC-producing Enterobacterales infections. 
ECK pathogens (E cloacae, C freundii, and  
K aerogenes) are the most notable clinical 
isolates with significant AmpC induction poten-
tial, and first-line agents such as cefepime or 
carbapenem need to be prioritized for treating 
serious infections. Many important ques-
tions remain. Clinicians eagerly look forward 
to future large-scale randomized controlled 
studies to settle the amped-up debate.

References are available at 
ContagionLive.com.
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2020 pandemic. Due to this provision, 
Pfizer-BioNTech’s BNT162b2 (Comirnaty), 
Moderna’s mRNA-1273 (Spikevax), and 
Johnson & Johnson/Janssen’s COVID-19 
vaccine (Ad26.COV2.S) received EUAs for 
COVID-19 prevention in December 2020, 
February 2021, and June 2022, respec-
tively. Although all 3 vaccines protect 
against severe illness and death following 
full immunization, vaccine effectiveness 
has declined significantly.1 Evolution of 
the SARS-CoV-2 virus is driven by changes 
in the genetic code during viral replica-
tion and has resulted in the emergence 
of numerous variants globally.2 Increasing 
resistance has reduced the efficacy of 
vaccines. Notably, vaccine effective-
ness for preventing hospitalization 
dropped from more than 90% to less 
than 70%  during the Omicron wave 
among patients who had received a 
booster dose.3 In response to the rapid 
decline in efficacy, pharmaceutical manu-
facturers began to investigate novel and 
updated formulations. In an effort to 
improve durability, the next generation of 
COVID-19 vaccines are being developed 
with an emphasis on targeting multiple 
mechanisms of action, leveraging vaccine 
combinations, and utilizing different 
routes of administration. 

As of September 2022, there are 48 
COVID-19 vaccine clinical trials in the 
United States, including 24 vaccine 
candidates in phase 3 trials.4 COVID-19 
vaccine development programs have 
studied many different types of vaccine, 
including RNA, viral vectors, protein 
subunits, virus-like particles, DNA, and 
inactivated virus (Table). Although the 
specific mechanisms of action vary 
depending on vaccine type, all COVID-19 
vaccines simulate a benign infection by 
creating or mimicking SARS-CoV-2 spike 
proteins. This spike protein is essential 
for receptor binding and viral fusion.5 
Receptor binding sites are responsible 
for the virus binding to the host cells 
and heptad repeat domains fusing 
with target cells. The prominent role of 
the SARS-CoV-2 spike protein in viral 

pathogenicity is the reason that vaccine 
development focuses on triggering 
the body to create antibodies against 
the spike protein. The most widely 
adopted vaccine type so far has been 
the mRNA vaccine. Notable COVID-19 
mRNA vaccines include Comirnaty and 
Spikevax. The RNA vaccine mechanism 
involves mRNA delivery inside the cells, 
where it provides instructions for the 
cell to produce a protein mimicking 
the SARS-CoV-2 spike protein.6 This 
triggers antigen expression and the 
host responds by producing antibodies. 
Both FDA-approved RNA vaccines are 
encapsulated in lipid particles to facili-
tate delivery of the mRNA to the inside 
of the host cells. Another prominent 
type of COVID-19 vaccine is a viral 
vector vaccine, such as the Johnson & 
Johnson/Janssen COVID-19 vaccine or 
Vaxzevria from Oxford/AstraZeneca. 
Vector vaccines utilize an innocuous 
vector virus to create a spike protein.7 
Similar to mRNA vaccines, the host’s 
natural cells break down the protein 
to express antigens and the immune 
system then produces antibodies 
targeting the foreign spike proteins. 
Nuvaxovid (Novavax) and the recom-
binant protein vaccine by Sanofi/GSK, 
are protein subunits in which protein 
antigens imitating the spike protein are 
administered in the body and the adju-
vant assists in initiating an immune 
response and antibody production.8 
The virus-like particle vaccines, such 
as Medicago's Covifenz, create innate 
protein structures similar to COVID-
19.9 Similar to protein subunit vaccines, 
the adjuvant creates a stronger immune 
response with improved quality 
and durability of the response. DNA 
vaccines deliver plasmids into the cells, 
which allow the cells to create anti-
gens to trigger an immune response.10 
Inovio's INO-4800, a DNA vaccine type, 
employs the Cellectra 2000 adminis-
tration device, which sends electrical 
pulses into the cell, opening cellular 
pores to facilitate plasmid entry to the 
intracellular space. Lastly, inactivated 

vaccines, such as Covaxin (Bharat 
Biotech), contain whole-virion COVID-
19. Inactivated vaccines use inactivated 
virus to elicit an immune response.11 

Although most COVID-19 vaccine inno-
vation centers around unique mecha-
nisms of action, vaccine development has 
focused on improving route and delivery 
systems. Most COVID-19 vaccines are 
administered intramuscularly, but alter-
nate routes are being tested in clinical 
trials. Currently, 2 intranasal vaccines 
are in phase 1 clinical trials: Meissa 
Vaccines’ MV-014-212 and CyanVac’s 
CVXGA1. Unlike injection vaccines, 
which only generate antibodies in the 
bloodstream, intranasal vaccines trigger 
antibodies to develop in the mucosa as 
well.12 Mucosal immunity is mediated 
by IgA release, and the antibodies aid in 
preventing infection and reducing viral 
transmission. Mucosal immunity may 
also develop after COVID-19 vaccine 
delivery via the oral route. Two vaccines 
by Vaxart administered as an oral tablet, 
VXA-CoV2-1 and VXA-CoV2-1.1-S, are in 
phase 1 and 2 clinical trials.4 Utilizing 
different routes of administration could 
reduce patient and logistical barriers to 
widespread worldwide immunization.

In addition to advancements in 
COVID-19 vaccine administration 
and efficacy, there is great interest in 
improving the convenience of vaccine 
delivery. Combination vaccines can 
provide protection against at least 2 
diseases with 1 injection, and offer many 
advantages to both pediatric and adult 
patients. Potential benefits include fewer 
injections, diminished trauma, higher 
vaccine acceptance rates, broader protec-
tion, reduced administration costs, and 
less vaccine storage required.13 Although 
there are no official guidelines or recom-
mendations at this time, it has been 
suggested that COVID-19 vaccination is 
likely to require an annual shot where 
the product for each year is matched to 
the circulating strains, similar to influ-
enza. 14 Both Moderna and Novavax have 
influenza and COVID-19 combination 
vaccine products in phase1/2 clinical 
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trials. Moderna is studying mRNA-1073, 
a combination of Spikevax and a quad-
rivalent influenza vaccine.15 Novavax’s 
combination vaccine consists of 
Nuvaxovid and a quadrivalent influenza 
vaccine.16 Moderna is in the preclinical 
development phase of mRNA-1230, which 
is a combination vaccine for COVID-
19, influenza, and respiratory syncytial 
virus.17 Moderna has plans to make their 
combination vaccine available for wide-
spread administration during the 2023 
influenza season. 

Nuvaxovid is the latest primary 
COVID-19 vaccine to receive an EUA, 
on July 13, 2022, and more recently on 
August 19, 2022, was authorized for 
patients 12 years and older.18 Nuvaxovid 
demonstrated 90.4% efficacy in adults 
and 78.3% efficacy in adolescents against 
symptomatic COVID-19; however, real-
world data have not yet been published. 
A notable concern with Nuvaxovid is 
that clinical trials were conducted prior 
to the predominance of the Delta and 
Omicron variants. 

In response to encouragement from 
the FDA to update COVID-19 vaccines 
to include Omicron BA.4/5 components 

in booster doses for fall 2022, 2 updated 
bivalent COVID-19 vaccines were autho-
rized for booster doses on August 31, 
2022.19 The Moderna COVID-19 vaccine, 
bivalent, targets the same variants as 
Spikevax plus Omicron BA.4/5. The 
Pfizer-BioNTech COVID-19 vaccine, biva-
lent, also provides protection against 
the wild-type spike protein and Omicron 
BA.4/5. A key difference is that the 
Moderna bivalent COVID-19 vaccine is 
authorized for individuals 18 years and 
older whereas the Pfizer-BioNTech biva-
lent COVID-19 vaccine is authorized for 
patients 12 years and older. Preclinical 
data demonstrated an active response 
of the vaccine against the BA.1, BA.2, 
BA.4, and BA.5 Omicron subvariants.20 
Although the authorization of updated 
COVID-19 vaccines is encouraging and 
certain to reduce COVID-19 related 
morbidity and mortality, these products 
are vulnerable to the reduced efficacy 
secondary to viral mutation in the spike 
protein. Therefore, ongoing advances in 
vaccine technology remain paramount.

In addition to vaccine advancements, 
it is important to acknowledge efforts to 
increase COVID-19 vaccine acceptance 

rates. However, controversy has existed 
since the COVID-19 vaccines began clin-
ical trials. Despite nearly 2 years of real-
world clinical experience with COVID-19 
vaccines and full FDA approval, vaccine 
hesitancy remains. As of September 7, 
2022, only 77.4% of adults in the United 
States were fully vaccinated against 
COVID-19 and even fewer, 51.7%, have 
received their booster dose.21 Even 2 years 
into a global pandemic, only 61% of indi-
viduals in the United States are willing 
to receive a vaccine.22 As the pandemic 
has progressed, there have even been 
slight declines in vaccine acceptance 
rates, despite improvements in vaccine 
attitudes. Overcoming the vaccine hesi-
tancy barriers is an important step in 
overcoming the pandemic. As vaccine 
technology continues to advance, new 
COVID-19 variants will continue to 
emerge and jeopardize vaccine efficacy. 
Strategies to increase vaccine accep-
tance rates will remain a pivotal tool in 
the fight to end the pandemic. 

References are available at 
ContagionLive.com.

Section Editor:
Jamie Wagner,  
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TABLE. COVID-19 Vaccine Summary
VACCINE, 
MANUFACTURER

TYPE REGULATORY 
STATUS

AGE 
(YEARS)

ACTIVITY EFFICACY COMMENTS

Comirnaty, Pfizer-
BioNTech

RNA FDA approved 6 mo+ Wild-type 5-11 years: 90.7%
12-15 years: 100%
16+ years: 94.6%

Spikevax, Moderna RNA FDA approved 6 mo+ Wild-type 6-23 months: 50.6%
2-5 years: 36.8%
18+ years: 94.1%

COVID-19 vaccine, 
bivalent, Moderna

RNA Emergency Use 
Authorization

18+ Wild-type, Omicron (BA.4, 
BA.5)

Booster only

COVID-19 vaccine, 
bivalent, Pfizer-BioNTech

RNA Emergency Use 
Authorization

12+ Wild-type, Omicron (BA.4, 
BA.5)

Booster only

COVID-19 vaccine  
(Ad26.COV2.S), Johnson & 
Johnson/Janssen

Viral Vector Emergency Use 
Authorization

18+ Beta, Zeta 18-59 years: 66.1%
60+ years: 66.2%

Nuvaxovid, Novavax Protein subunit Emergency Use 
Authorization

12+ Alpha, Beta, Delta 12-17 years: 78.3%
18+ years: 90.4%

BNT162b2SA,  
Pfizer-BioNTech

RNA Phase 2/3 12+ Wild type, Beta NA Heterologous protection 
against Beta variant

Covaxin, Bharat Biotech Inactive Phase 2/3 12+ Alpha, Gamma, Zeta, 
Kappa, Beta, Delta

77.8%

Covifenz, Medicago Virus-like 
particle

Phase 2/3 18+ Alpha, Delta, Mu, Lambda, 
Gamma

71%

INO-4800, Inovio DNA Phase 2/3 18+ Wild-type, Alpha, Beta, 
Gamma

NA Dose followed by 
electroporation via Celectra 
2000 device

mRNA-1273.214, Moderna RNA Phase 3 6 mo+ Wild-type, Omicron NA Bivalent (Omicron [BA.1] + 
wild-type)

Recombinant Protein, 
Sanofi/GSK

Protein subunit Phase 3 18+ Wild-type, Beta, Delta, 
Omicron

64.7% Testing monovalent and 
bivalent (SARS-CoV-2 spike 
protein and Beta variant)

Vaxzevria,  
Oxford/AstraZeneca

Viral vector Phase 3 18+ Beta, Gamma,  
Delta, Alpha

70.4%
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Increasing uptake of the initial series of 
COVID-19 vaccines is important for poten-
tially reaching the stage of chronic endemicity. 

However, communicating to the general public 
about the benefits of vaccination and the uncer-
tainty inherent in the scientific research, along 
with the rapidly changing eligibility criteria for 
COVID-19 boosters, are ongoing challenges. In a 
recent Contagion® Peer Exchange moderated by 
Peter L. Salgo, MD, panelists discussed strate-
gies to communicate the benefits of COVID-19 
vaccination (initial series and booster shots), 
barriers to increasing uptake of COVID-19 
boosters, and needs for improving global access 
to COVID-19 vaccination.

COMMUNICATING THE BENEFIT OF 
COVID-19 BOOSTER SHOTS TO PATIENTS
Communicating to patients that COVID-19 
boosters are recommended (although not 
mandatory) and are most appropriate for indi-
viduals with compromised immune systems 
(because of older age or a medical condition) 
who are more likely to have protection wane 
over time, according to Donald J. Alcendor, 
PhD. However, he added that the ability of the 
current vaccine to protect against most vari-
ants of concern (including the Omicron variant, 
to some extent) is promising. “In the long run, 
what we will have is a virus that will become 
endemic in our population,” Alcendor said. “The 
idea of thinking we can chase variants with 
boosters is a failed effort. We must realize that.”

Salgo added that recommendations are often 
based on population data and change frequently 
over time, which can be difficult for the general 
public to comprehend. “It’s not always A plus 
B equals C; A plus B usually equals C, and it’s 
pretty good within a statistical variability, but 
it’s not the same,” Salgo said. “It sounds to me 

as if some of what we’re hearing [regarding] 
the waffling on the messaging is not waffling at 
all. Rather simply, medicine is as good as it can 
be and never will be much better than that.”

Communicating uncertainty and basic 
concepts about infectious disease and immu-
nity, including how vaccines work and how 
viruses are transmitted, replicated, and 
mutated, to the general public has been an 
ongoing challenge throughout the COVID-19 
pandemic, Angela Rasmussen, PhD, explained. 
“When a broad public health recommen-
dation is made, when you’re trying to make 
those recommendations on the fly in the face 
[of ] a lot of uncertainty, and when there’s 
a whole giant peanut gallery criticizing the 
public health agencies’ every move, it becomes 
very challenging to get it right every time,”  
Rasmussen said.

Rasmussen added that the politicization 
and misinformation on public health practices 
related to the COVID-19 pandemic has added 
another roadblock to public engagement with 
complex topics. “Most people I’ve talked to 
just want to be safe and want this pandemic 
to be over,” she said. “It’s just a really chal-
lenging environment to be dealing with all 
these different moving parts and try to chart 
the correct path through all this.”

COVID-19 BOOSTER ROADBLOCKS
The frequent changes in eligibility criteria 
have made it difficult for everyone—from the 
general public to the individuals adminis-
tering the vaccine—to keep track of who can 
obtain a booster, Alcendor said. He added that 
individuals may show up to vaccine events 
without knowing whether they are eligible for 
a booster, and some underserved populations 
may have difficulty finding boosters. The lack 
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of interest in boosters (or initial series doses) is 
also a major problem, and administration of first 
and second vaccine doses to unvaccinated indi-
viduals should be prioritized, Alcendor said.

Jason C. Gallagher, PharmD, FCCP, FIDP, 
FIDSA, BCPS, added that COVID-19 vaccine 
boosters are in relative oversupply, with vaccina-
tion sites shifting from large sites to small clinics 
and pharmacy chains. He also said mandates for 
boosters are less important than those for the 
initial vaccine series, and the major goal is to 
deliver the initial series to as many individuals 
as possible to improve community protection.

Rasmussen said hospitalization rates are likely 
to be lower in immunized populations, and indi-
viduals will be exposed to the spike antigen from 
SARS-CoV-2 (whether through vaccination or 
infection), but immunity from infection can be 
highly variable and short-lived. “We also expect 
this virus to become endemic, which means we’re 
not going to be rid of it anytime soon,” Rasmussen 
said. “In the United States, we’ll eventually move 
from being in constant crisis mode to a more 
‘normal’ [state]. In other parts of the world, that 
process is going to take different periods of time, 
[which] has to do with vaccination.”

Rasmussen also cautioned that SARS-CoV-2 is 
a zoonotic virus that can infect many species, 
including white-tailed deer, cats, and raccoons, 
and zooanthroponotic transmission (in which 
the virus is transmitted from humans to animals 
to humans) remains a key concern. Notably, the 
Omicron variant is evolutionarily different from 
other SARS-CoV-2 variants because it is thought 
to have emerged via transmission from a different 
animal species. 

“It’s going to be very hard to predict the new 
variants we might be dealing with and how 
they might impact a vaccinated population,” 
Rasmussen said. “But the good news…is that 
the vaccines have proven to be very cross-pro-
tective against severe disease, hospitalization, 
and death for all the variants of concern we’ve 
looked at. That’s going to be the marker we’re 
always going to have to look to. In a year’s time, 
in the United States, Canada, and countries that 
have adequate access to vaccination—we’ll stop 
living in acute pandemic times and move into 
the chronic phase of endemicity.”

Rasmussen predicted that the United States 
is likely to achieve some level of herd immunity 
in the next 1 to 2 years from a combination of 
vaccine- and infection-acquired immunity. “If 
unvaccinated [individuals] are exposed, espe-
cially if they’re reinfected and exposed multiple 
times to the virus, they’ll eventually develop 
memory immune responses,” she said. “That may 
be somewhere on a protective spectrum.”

COVID-19 BOOSTERS AND THE FUTURE
Alcendor said vaccinating as many individuals as 
possible and addressing inequities in the distri-
bution and manufacturing of vaccines in the 
developing world remain key priorities moving 
forward. In the same way that outbreaks can 
occur in highly unvaccinated communities, high 
rates of vaccination within a community can also 
prevent local outbreaks, Jeff Goad, PharmD, 
MPH, explained.

Gallagher added that the extensive media 
coverage of new variants has increased aware-
ness of the global effects of COVID-19, which 

may help increase the focus on vaccinating indi-
viduals in parts of the world with low access to 
vaccines, and Rasmussen said global vaccine 
equity can have altruistic and selfish purposes 
for high-access areas. “If we don’t want to keep 
playing Whac-A-Mole with different variants—
constantly responding to a crisis—it’s in our 
best interest to [ensure] unvaccinated [individ-
uals], whether they live in a lower middle-in-
come country or a wealthy country like the 
United States, have access to vaccines,” she said. 
“It’s crucial that we do everything we can to get 
them vaccinated. At the population level, that’s 
our best protection.” ▲

“In the long run, what we 
will have is a virus that 
will become endemic in 
our population. The idea 
of thinking we can chase 
variants with boosters is 
a failed effort. We must 
realize that.”

—Donald J. Alcendor, MD
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24th International AIDS Conference (AIDS 2022)

G ilead presented trial data at the 24th 
International AIDS Conference (AIDS 
2022) showing bictegravir, emtricit-

abine, and tenofovir alafenamide (B/F/TAF; 
Biktarvy) as a highly effective treatment for 
people living with HIV, including those coin-
fected with hepatitis B (HBV).

B/F/TAF (bictegravir 50-mg/emtricitabine 
200-mg/tenofovir alafenamide 25-mg tablets) 
is a complete HIV treatment, and the smallest 
3-drug integrase strand inhibitor–based 
single-tablet regimen available. Interim data 
from the ongoing phase 3 ALLIANCE trial 
suggest that compared with an alternative 
HIV regimen, B/F/TAF demonstrated poten-
tial suppression of HIV and HBV.

“Emerging HIV epidemics in areas of 
high HBV rates such as Asia are expanding 
the number of people with HIV/HBV coin-
fection,” said senior researcher Anchalee 
Avihingsanon, MD, PhD. “This inclusive and 
representative study enrolled and treated 
participants from 11 different geographies 
with 88% of participants of Asian descent, 
driving the availability of data from within 
those communities most impacted.”

The ALLIANCE study evaluated the safety 
and efficacy of B/F/TAF over 4 years in 
Asia, Europe, and North and Latin America. 
ALLIANCE (NCT03547908) is a phase 3, 
randomized, double-blind study evaluating 
B/F/TAF in adults initiating their first treat-
ment regimen for HIV/HBV coinfection. The 
trial enrolled 243 participants, 121 of whom 

were assigned to B/F/TAF and 122 to dolute-
gravir plus emtricitabine/tenofovir disoproxil 
fumarate (DTG + F/TDF).

The primary study end points were RNA 
suppression (< 50 copies/mL) and the propor-
tion of adults with plasma hepatitis B DNA 
suppression (< 29 IU/mL). Secondary end 
points included the efficacy of B/F/TAF in 
comparison with DTG 50 mg plus F 200 mg/
TDF 300 mg.

At week 48, B/F/TAF had superior HBV 
suppression. Among the participants treated 
with the agent, 63% demonstrated HBV DNA 
suppression, compared with 43% of partici-
pants treated with DTG+F/TDF. Hepatitis B 
e-antigen seroconversion was 23% for the 
B/F/TAF cohort and 11% for the DTG+F/TDF 
cohort. Additionally, 13% of B/F/TAF patients 
had numerically higher hepatitis B surface 
antigen loss, compared with 6% of DTG+F/
TDF patients.

Both cohorts had similar rates of HIV viral 
suppression: 95% for the B/F/TAF group and 
91% for the DTG+F/TDF recipients. The 5-year 
cumulative data that Gilead presented at AIDS 
2022 demonstrated the sustained efficacy and 
durable viral suppression of B/F/TAF as a first-
line therapy for people living with HIV.

The safety profiles of B/F/TAF and DTG+F/
TDF were similar between the 2 treatment 
groups. The use of B/F/TAF for patients coin-
fected with HIV/HBV is investigational, and 
its safety and efficacy for this use have not 
been established.

Fostemsavir Improves 
Outcomes for Patients 
With Treatment-
Resistant HIV
by NINA COSDON 

At the 24th International AIDS 
Conference (AIDS 2022), ViiV 
Healthcare announced positive 

5-year data from their phase 3 trial for 
fostemsavir, a drug for multidrug-resistant 
HIV-1 infection. At week 240, ViiV reported, 
fostemsavir improved patients’ immuno-
logic response and virologic outcomes.

The phase 3 BRIGHTE study 
(NCT02362503) analyzed the safety and 
efficacy of fostemsavir in heavily treatment- 
experienced adults. The trial included 371 
patients from 113 sites and 22 countries. 
This population had very few treatment 
options due to the highly resistant nature 
of their HIV infection.

“These results are so significant,” said 
Kimberly Smith, MD, MPH, ViiV Healthcare 
head of research and development. “With 
such a clinically meaningful improvement 
in CD4+ count in the study population, 
these extensive and robust study findings 
demonstrate the durability of fostemsavir 
and its suitability as a treatment for these 
people living with HIV.”

BRIGHTE was an international, 2-cohort 
(randomized and nonrandomized), phase 3 
clinical trial. It was designed to evaluate the 
first-in-class attachment inhibitor fostem-
savir when used in conjunction with opti-
mized background treatment (OBT).

Rates of virologic response remained 
consistent over time through week 240, 
with 45% (n = 120) of patients achieving 
virologic suppression after fostemsavir plus 
OBT. CD4+ cell counts steadily increased, 
rising to 296 cells/mm3 by week 240. In the 
randomized cohort, 78% (n = 73) of partic-
ipants had an increase in count from less 
than 200 cells/mm³ to 200 cells/mm³ or 
greater, and 67% (n = 22) had a change from 
less than 20 cells/mm3 to 200 cells/mm³ or 
greater. By week 240, the CD4+/CD8+ ratio 
had risen steadily from baseline, reaching 
an average of 0.6 in the randomized cohort.

After approximately 5 years of fostem-
savir-based treatment regimens, patients 
living with multidrug-resistant HIV infec-
tion exhibited durable virologic responses 
and continued, statistically significant, 
improvements in CD4+ cell count and  
CD4+/CD8+ ratio.

Biktarvy Is Effective for Patients 
With HIV Coinfected with HBV
by NINA COSDON 
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IN THE NEWS

When it comes to health care quality, 
57% of American consumers 
are willing to pay more for it, 

according to a survey by AKASA, a health 
care technology company.

Respondents were asked: “When you 
seek out health care, are you willing to 
pay more or less for any of the following 
factors?” Quality of care ranked first, 
followed by ability to work with the care 
team of choice (47%), ability to work with 
hospitals of choice (41%), location prox-
imity or convenience (41%), and ability to 
get an appointment quickly (40%).

The survey also found that most 
Americans are willing to travel for reason-
ably priced health care but will not go 
to extraordinary lengths to access the 
best price. The vast majority (82%) of 
Americans prefer to stay within 50 miles 
when seeking the best price.

“The findings can help health care 
leaders prioritize what to focus on 

when thinking about their bottom lines 
through the lens of what patients are 
willing to pay for and aligning it with 
improving the patient experience,” said 
Amy Raymond, vice president of revenue 
cycle operations at AKASA, in a state-
ment. “However, the quality of care is 
often diminished by the less-than-stellar 
patient financial experience.

“Investing in improving the finan-
cial experience for patients and trans-
forming revenue cycle operations 
can go a long way in building good-
will with patients to complement the 
outstanding quality of care they are 
willing to pay for. By leveraging auto-
mation, overhauling workflows, and 
deploying staff to concentrate on more 
challenging assignments that require 
a human touch, the revenue cycle can 
match the level of service provided 
on the clinical side and create loyalty 
among patients.”

Americans Are Willing to  
Pay More for Quality Care 
by JEFF BENDIX DEEP DIVE: DISCUSSING MONKEYPOX

Ambassador Deborah Birx, MD, is a world-renowned medical expert and leader 
whose long career has focused on clinical and basic immunology, infectious 
disease, pandemic preparedness, vaccine research, and global health. Birx 
compares infectious disease strategy in the US and UK, saying that although the 
US has the tools to fight monkeypox, our response is sorely lacking.

SECOND OPINION: PEDIATRIC COVID-19 VACCINES

The mRNA vaccines by Pfizer-BioNTech and Moderna have been approved 
by the CDC for children as young as 6 months. Carlton KK Lee, PharmD, 
MPH, editor for The Clinical Pharmacologist’s Notebook for Contemporary 
Pediatrics®, clinical pharmacy specialist and pediatric pharmacy residency 
program director at Johns Hopkins Cystic Fibrosis Center; and Andrew J. 
Schuman, MD, clinical assistant professor of pediatrics at the Dartmouth 
Geisel School of Medicine, talk about delivering COVID-19 vaccines to our 
littlest population.

BEHIND THE SCIENCE: BEHIND THE IMPACT OF 
ART AND PREP ON HIV CARE AND PREVENTION

Therapies for HIV care and prevention have come a long way in recent years. 
Not only are new antiretroviral therapies (ART) being approved, but novel 
delivery of these medicines—such as long-acting injectables—is seeing 
greater utility and offering patients flexibility with newer treatment options. 
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This story was originally published in our sister 
publication, Medical Economics®.  
Visit www.medicaleconomics.com to read more. 

How long after a potential 
COVID-19 exposure will you 
become infected? Although many 

studies have estimated the incubation 
period of COVID-19, it is not well known 
whether the virus average incubation 
period has changed throughout the 
course of the pandemic.

A recent study published in JAMA 
conducted a systematic review of the 
incubation periods of different COVID-19 
variants of concern. The investigators also 
sought to determine the overall pooled 
incubation period of COVID-19 and the 
average COVID-19 incubation period 
across different vulnerable populations.

Knowledge of COVID-19’s incuba-
tion period is vital because it informs 
virus definition, contact tracing, patient 
follow-up, and public health protocol.

The meta-analysis utilized PubMed, 
Embase, and ScienceDirect to find 

peer-reviewed studies using the keywords 
novel coronavirus, SARS-CoV-2, 2019-nCoV, 
or COVID-19 and either incubation period 
or incubation. A total of 142 studies with 
a total of 8112 patients met the inclusion 
criteria. From this review, the investiga-
tors determined the average incubation 
period to be 6.57 days, ranging from 1.80 
to 18.87 days.

The incubation period of the wild-type 
Wuhan strain was determined to be 6.65 
days. Broken down by variants of concern, 
the incubation period of COVID-19 was 
5.00 days for Alpha, 4.50 days for Beta, 
4.41 days for Delta, and 3.42 days for 
Omicron. This suggests that as COVID-19 
mutates, the incubation time decreases.

The Shrinking Incubation Period  
of COVID-19
by NINA COSDON

Read the rest of the article here: 
Hover your phone’s camera over the  
QR code to read the full article. 



THE CONSEQUENCES OF 
RECURRENCE ARE SIGNIFICANT, 

POTENTIALLY DEADLY.2 

H

IT RECURS IN UP TO 35%  
OF CASES WITHIN 8 WEEKS  
AFTER INITIAL DIAGNOSIS.2,3 

H

THE CDC ACKNOWLEDGES  
C. DIFFICILE INFECTION AS A 

MAJOR AND URGENT THREAT.1 

H

A VICIOUS CYCLE 
WITH SIGNIFICANT BURDEN

WHAT COULD BE THE  
CONSEQUENCES OF RECURRENT  
C. DIFFICILE INFECTION?

Learn why it requires aggressive action

Now is the time to learn how Ferring is shedding light on the link between disease and disruptions in the gut 
microbiome, exploring the potential for repopulating its diversity and restoring hope to patients.  
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