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ABSTRACT & COMMENTARY

Antibiotic Use in COVID-19 Patients
By Dean L. Winslow, MD, FACP, FIDSA, FPIDS
Professor of Medicine, Division of General Medical Disciplines, Division of Infectious Diseases and Geographic 

Medicine, Stanford University School of Medicine

Dr. Winslow reports no financial relationships relevant to this field of study.

SYNOPSIS: Fifty-seven percent of patients with COVID-19 infection treated at 38 hospitals in Michigan received early empiric 
antibiotics, although researchers documented community-onset bacterial coinfection in only 3.5%.

SOURCE: Vaughn VM, Gandhi T, Petty LA, et al. Empiric antibacterial therapy and community-onset bacterial coinfection in patients hospi-
talized with COVID-19: A multi-hospital cohort study. Clin Infect Dis 2020; Aug. 21. doi: 10.1093/cid/ciaa1239. [Online ahead of print].

Researchers studied 1,705 randomly selected pa-
tients hospitalized with COVID-19 at 38  
  Michigan hospitals. Of those, 56.6% were pre-

scribed early empiric antibacterial therapy. Research-
ers identified confirmed community-onset bacterial 
infection in 3.5%. Across hospitals, the use of early 
empiric antibiotics varied from 27% to 84%. Pa-
tients more likely to receive early empiric antibiotic 
therapy included those who were older (adjusted 
rate ratio [ARR], 1.04 per 10 years of age), weighed 
less (ARR, 0.99 per kg/m2), sicker (ARR, 1.16), 
exhibited lobar infiltrate on imaging (ARR, 1.21), 
or admitted to a for-profit hospital (ARR, 1.30). 
Between March and April 2020, as COVID-19 test 
turnaround time improved, the use of early empiric 
antibiotic use declined (ARR, 0.71).

 COMMENTARY
Despite the low prevalence of concomitant bacterial
infection present at admission, many patients received
early empiric antibacterial therapy. Shortening
COVID-19 test turnaround time modestly reduced
early empiric antibiotic use, but use still was quite high.

My sense from observing practice at my own hospital 
is that doctors often use antibiotics out of “fear of 
missing something,” even when positive COVID-19 
test results are available for the patient in the ED. 
It also is likely that since many COVID-19 patients 
meet criteria for “sepsis,” CMS SEP-1 bundles are 
triggered, and it often is easier to start antibiotics 
than to justify why antibiotics are not administered to 
patients with viral infection. This unfortunate aspect 
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of mandatory SEP-1 bundles is one reason 
why the Infectious Diseases Society of 
America recently withdrew its endorsement 
of the Society of Critical Care Medicine’s 
“Surviving Sepsis Campaign Guidelines”1 
and has endorsed modification of the CMS 
SEP-1 bundles.2 Inappropriate overuse of 
antibiotics in COVID-19 patients is an 
excellent target for hospital antimicrobial 
stewardship.  

REFERENCES
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ABSTRACT & COMMENTARY

Oral Calcitonin Gene-Related  
Peptide Antagonist for  
Migraine Prevention
By Matthew S. Robbins, MD, FAAN, FAHS
Neurology Residency Program Director; Associate Professor of Neurology, Weill Cornell  
Medical College, NewYork-Presbyterian Hospital
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SYNOPSIS: Atogepant, an oral calcitonin gene-related peptide antagonist, was shown to be effective and safe 
for migraine prevention.

SOURCE: Goadsby PJ, Dodick DW, Ailani J, et al. Safety, tolerability, and efficacy of orally administered 
atogepant for the prevention of episodic migraine in adults: A double-blind, randomised phase 2b/3 trial. 
Lancet Neurol 2020;19:727-737.

Goadsby et al conducted a multicenter, 
randomized controlled trial (RCT) of 

atogepant, a novel small molecule antago-
nist to the calcitonin gene-related peptide 
(CGRP) receptor, to prevent migraine. The 
study included patients ages 18-75 years 
with preexisting migraine with or without 
aura for at least one year and a frequency of 
four to 14 migraine days per month. 

The trial enrollment included 825 subjects 
who ultimately received at least one dose 
of study medication. Participants were 
randomized to twice-daily placebo or the 
study medication of varying doses at once or 
twice daily over a 12-week treatment period 
after a four-week run-in period. All groups 
receiving the study medication reached the 
primary endpoint vs. placebo, ranging from 
a reduction of -3.6 to -4.2 monthly migraine 
days, with slightly higher efficacy in twice-
daily dosing. Atogepant was safe; adverse 
events were infrequent and most commonly 
manifested as nausea (3% to 9%), with 
lower rates for constipation and fatigue and 
no serious adverse events deemed related to 
the study drug.

 COMMENTARY
CGRP is an inflammatory neuropeptide 
that is fundamentally involved in migraine 
pathophysiology. Gepants, small molecule 
CGRP receptor antagonists, represent an 
important treatment advance for migraine. 
Their development, although initially lim-
ited by hepatotoxicity, led to the successful 
development of monoclonal antibodies that 
target CGRP or its receptor as preventive 
treatments. The FDA recently approved two 
gepants, rimegepant and ubrogepant, and 
are available for acute migraine treatment. 
Although rimegepant also is under investiga-
tion as a preventive treatment, atogepant 
is the first gepant to demonstrate both 
efficacy and safety for migraine prevention 
in a large-scale RCT. Its safety profile in the 
study was encouraging, with neither hepato-
toxicity nor cardiovascular events apparent.

Gepants provide distinct advantages over 
existing preventive treatments. Their 
tolerability seems excellent, although 
long-term cardiovascular safety questions 
remain. They may be a true blend of acute 
and preventive treatments, since the same 
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medication class has demonstrated efficacy in both 
paradigms. They also do not seem to cause medication 
overuse headache, a common complicating factor in 
patients with frequent or chronic migraine. Compared 
to CGRP monoclonal antibodies, which have half-
lives of approximately one month, their short half-life 
(10 hours) enables rapid dose changes and medication 
cessation in certain circumstances, such as side effects 
or a planned or unplanned pregnancy. Many patients 
do not like the injections required of CGRP monoclonal 
antibodies; atogepant may be more tolerable. 

There were study limitations. Real-world patients may 
not be well represented, since most patients were not 
on preventive therapy previously; such a population 
would be unlikely to receive atogepant as first-line 
therapy in clinical practice. The therapeutic gain for 
atogepant (-0.7 to -1.4 monthly migraine day reduction) 
is comparable to CGRP monoclonal antibodies and 
other oral preventive treatments, but is not superior to 
such therapies. Further studies of atogepant, including 
RCTs of patients with episodic and chronic migraine, 
are ongoing.  

ABSTRACT & COMMENTARY

Auditory Startle Response as a Predictor  
of Recovery from Coma
By Nicholas Schiff, MD
Associate Professor of Neurology and Neuroscience, Center for the Advanced Study of Brain Injury, Weill Cornell  
Medical College

Dr. Schiff reports he is a consultant for Enspire DBS, Inc.

SYNOPSIS: Preserved habituation of the auditory startle response, performed bedside, indicates intact cortical structures and cortico-
cortical white matter tract connections. Preservation of this reaction in patients with unresponsive wakefulness can help distinguish the 
vegetative state from minimally conscious state and may even predict eventual awakening.

SOURCE: Hermann B, Salah AB, Perlbarg V, et al. Habituation of the auditory startle reflex is a new sign of minimally conscious state.  
Brain 2020;143:2154-2172.

Identification of sometimes subtle nonreflexive behav-
iors associated with minimally conscious state (MCS) 

has been shown to discriminate significant differences in 
outcome following severe brain injuries.1,2 Such detect-
able yet often overlooked points on the neurological 
exam can offer a powerful tool for the neurologist, par-
ticularly early in the recovery of severe traumatic brain 
injury, where brief visual or auditory tracking of stimuli 
may be the only hint auguring an improved outlook in a 
patient already weeks into their recovery. 

In a study returning to the foundations of bedside 
neurological exam, Hermann et al reported on the 
performance of a simple behavioral assessment measure, 
the habituation of the auditory (acoustic) startle reflex 
(hASR), in discriminating MCS patients from those 
in the vegetative state (VS) and predicting outcomes. 
The ASR is a brainstem-mediated reflex typically 
elicited by a sharp noise, such as a hand clap, that 
often remains unmodulated in severely brain-injured 
patients demonstrating VS- or MCS-level exams. In 
such patients, a blink reflex, sometimes with additional 
motor outflow, remains in one-to-one correspondence 
with each stimulus; habituation of ASR results in an 
extinguishing of the response with repeated stimuli. In 
addition to their assessment of hASR as a behavioral 
screening tool for separating VS and MCS, Hermann 

et al reported on the correlation of several direct 
measurements of brain structural and functional 
integrity known to augment clinical discriminations of 
VS vs. MCS.3,4 Several of these are strongly associated 
with the capacity to habituate the ASR, including 
quantitative electroencephalography (qEEG), fluoro-
deoxyglucose PET (FDG-PET), and diffusion tensor 
imaging (DTI). 

In their study, 96 patients (48 with VS, four with MCS) 
were assessed using the gold standard quantitative 
behavioral assessment tool, the Coma Recovery Scale-
Revised (CRS-R). Fifty-five percent of patients demon-
strated hASR, comprising 75% of MCS and 35% of 
VS patients. Notably, the presence of hASR in patients 
provided the same level of discrimination of MCS vs. 
VS as the best performing subscale score of the CRS-R 
and independently associated with a high probability of 
identifying MCS in patients who received a prior clinical 
diagnosis of VS. In addition, hASR showed strong cor-
relation with qEEG measures previously demonstrated 
to associate with MCS,4 preserved cerebral metabolism 
obtained from FDG-PET measurements, and inferred 
cortical interregional connectivity measured by DTI. 

Collectively, these results support the value of the 
hASR as a clinical diagnostic assessment tool at the 
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bedside for patients with disorders of consciousness. 
Most importantly, the presence of hASR predicted the 
emergence of command following at six months in those 
patients without command following on bedside exam 
at the time of the measurement. This latter correlation 
invites the inclusion of hASR in future larger population 
outcome studies, particularly in ICU populations 
where measures of cerebral integrity using qEEG-based 
command-following techniques show marked correlation 
with improved outcomes at one year following injury.5

 COMMENTARY
Beyond the value of bringing focus to this simple and eas-
ily elicited clinical exam technique in assessing disorders 
of consciousness, the Hermann et al study adds insight 
into underlying brain mechanisms of recovery. Patients 
with measurable hASR in this study demonstrated more 
preserved DTI and deep white matter integrity and 
evidence of frontoparietal cortical functional integrity, 
establishing a link of preserved hASR to specific cortico-
cortical systems: The presence of hASR correlated with 
increased regional cerebral metabolism measured by 
FDG-PET within the posterior cingulate cortex, anterior 
cingulate cortex, premotor cortex, and anterior pre-
frontal cortex. Thus, hASR appears to provide an early 
indicator of the functional integrity of the long-range 

cortico-cortical connections between posterior cortices of 
the default mode network and the anterior forebrain me-
socircuit involving the anterior cingulate and pre-motor 
regions. Activity within both networks is demonstrated 
to correlate with recovery from disorders of conscious-
ness in a wide range of studies.3 Overall, this is an elegant 
study, providing a deep exploration of the biological 
underpinnings of a preserved hASR and demonstrating 
its immediate clinical effect for assessing consciousness 
disorders.  
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Gut Microbiome in Patients at Risk  
for Parkinson’s Disease
By Harini Sarva, MD
Assistant Professor of Clinical Neurology, Weill Cornell Medical College

Dr. Sarva reports she is a consultant for Acorda Therapeutics, Amneal Pharmaceuticals, and Merz Pharma.

SYNOPSIS: Certain risk factors and prodromal markers of Parkinson’s disease (PD), such as constipation and rapid eye movement sleep 
behavior disorder, are associated with specific bacterial compositions of the gut. However, the value of gut microbiome data to predict the 
risk of PD development needs further investigation. 

SOURCE: Heinzel S, Aho VT, Suenkel U, et al. Gut microbiome signatures of risk and prodromal markers of Parkinson’s disease. Ann 
Neurol 2020;88:320-331.

Stool samples were obtained from 745 participants 
of the Tubingen Evaluation of Risk Factors for 

Early Detection of Neurodegeneration (TREND) 
study. Participants were chosen based on the presence 
of olfactory loss, depression, and/or possible rapid 
eye movement (REM) sleep behavior disorder (RBD), 
all of which increase the risk of Parkinson’s disease 
(PD) development based on criteria established by 
the International Parkinson’s Disease and Movement 
Disorders Society. Nine risk factors (male gender, 
diabetes, and smoking, among others) and nine 
prodromal factors (constipation, depression, RBD, 
and olfactory loss) based on the new criteria were 

chosen for evaluation of possible association with gut 
microbiota. Of the 745 samples, 666 were included 
for analysis. DNA analysis and microbial measures 
of diversity were performed. The mean age of the 
sample population was approximately 68 years, the 
majority were men, one-quarter performed no physical 
activity, and approximately 13% had RBD. The most 
common bacteria found in the stool samples included 
Bacteroides, followed by Faecalibacterium, Gemmiger, 
Roseburia, Prevotella, and Ruminococcus. Constipation 
severity and age were positively associated with the 
alpha-diversity or abundance of a genus in the gut. The 
intersample differences in microbial composition, as 
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demonstrated by beta-diversity, age, physical activity, 
body mass index, and constipation, had the greatest 
effect on variance.

Certain risk factors were associated with bacterial 
enterotypes. For example, the lowest physical activity 
levels and severe constipation were associated with 
Firmicutes enterotype, but high physical activity level 
was associated with Bacteroides. Certain factors were 
associated with lower abundance of bacterial species; 
for example, severe constipation was connected to fewer 
Faecalibacterium. 

 COMMENTARY
Alpha-synuclein pathology is present in the gut in 
patients with PD, and alterations in the gut microbiome 
leading to increased inflammation have been well 
described. This study demonstrated that certain risk 
factors and prodromal markers of PD were associated 
with different compositions of gut bacterial species. 

Although constipation, RBD, smoking, and subthreshold 
parkinsonism were more commonly associated with 
microbial changes, other factors, such as substantia nigra 
hypoechogenicity, orthostatic hypotension, family history 
of PD, and olfactory loss, did not demonstrate any 
associations. 

However, it is unclear how these microbial associations 
affect prodromal PD. Medications, lifestyle choices such 
as diet and exercise, and the presence of other chronic 
conditions can complicate bowel function, microbial 
composition, and the diversity of the microbiome. 

Further confirmation of these findings may allow us to 
distinguish between those with and without PD and po-
tentially help predict risk when combining stool samples 
with already established prodromal markers. With more 
data about the gut microbiome, this advancing research 
field may help us predict disease severity of PD patients 
and to customize drug therapies.  

PHARMACOLOGY UPDATE

COVID-19 Vaccine Update
By William Elliott, MD, FACP, and James Chan, PharmD, PhD
Dr. Elliott is Assistant Clinical Professor of Medicine, University of California, San Francisco.
Dr. Chan is Associate Clinical Professor, School of Pharmacy, University of California, San Francisco.

Drs. Elliott and Chan report no financial relationships relevant to this field of study.

SARS-CoV-2 is a novel virus to which humans have no 
immunity. The primary strategy against the ongoing 

pandemic is the development of one or more vaccines, 
which typically takes years to bring to market. However, 
the U.S. government has created Operation Warp Speed, 
with a purpose of expediting the development and avail-
ability of a vaccine. The goal is to deliver 300 million 
doses by January 2021.1 There are dozens of vaccine 
candidates undergoing investigation in human and ani-
mal trials.2,3 Only a few have reached Phase III testing.
SARS-CoV-2
SARS-CoV-2 derives from a large family of 
coronaviruses that includes SARS-V, Middle East 
respiratory syndrome coronavirus (MERS-CoV), and 
common cold viruses.4 It is an enveloped virus with 
a lipid membrane derived from the host cell and a 
single-strand RNA. It is characterized by protruding 
glycoprotein — spike protein (S) — from the viral 
membrane, giving it the “halo-like” corona appearance 
under electron microscopy. The spike (S) protein 
is comprised of two subunits (S1 and S2), with S1 
carrying the receptor binding domain (RBD).5,6 The 
latter interacts with the angiotensin-converting enzyme 
receptor 2 (ACE2) host receptor, which facilitates the 
entry of the virus into the host. The goal of a vaccine is 
to elicit an immune response via neutralizing antibodies 
to the spike (S) glycoprotein, possibly specifically RBD, 

thus preventing docking of SARS-CoV-2 to ACE2. Only 
antibodies directed to the spike (S) protein can neutralize 
the virus.5 The goal is to elicit humoral and cellular 
immunity by an appropriate antigen.

Vaccine Platforms
There are six primary strategies/platforms to developing 
a vaccine: whole live-attenuated virus, recombinant 
viral-vectored, inactivated/killed virus, protein subunit, 
virus-like particle, and nucleic acid vaccines.6 The five 
candidate vaccines that are part of Operation Warp 
Speed in Phase III trials include Janssen, Oxford/
AstraZeneca, Moderna, Novavax, and Pfizer/BioNTech 
using three platforms (Table 1).

Janssen (human adenovirus serotype 26) and Oxford 
(chimpanzee adenovirus) use a nonreplicating 
adenovirus vector to insert the SARS-CoV-2 S gene 
into the adenovirus genome. The use of a nonhuman 
adenovirus may be an advantage because of possible 
pre-existing immunity to the human adenovirus.6 The 
Oxford vaccine requires one dose. 

The two RNA vaccines differ somewhat in their 
approach. The Moderna vaccine codes for the full 
S protein, while Pfizer/BioNTech originally targeted 
a subunit (RMD) of the S protein.6 However, Pfizer 
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developed both versions and decided to pursue the full S 
protein after finding similar immunogenicity but lower 
systemic reactogenicity with the full S protein.7 Both are 
embedded or encapsulated in lipid-based nanoparticles. 
The Novavax vaccine is a recombinant antigenic protein 
derived from the spike protein. These are formulated 
into “virus-like” nanoparticles. Because of low 
immunogenicity, an adjuvant (saponin-based Matrix-M) 
is required to boost immunogenicity. With these different 
vaccine strategies, it remains to be established in Phase 
III trials the degree of efficacy, safety, immunogenicity, 
and reactogenicity among the candidate vaccines.

Status
Johnson & Johnson is planning to enroll up to 60,000 
test subjects age ≥ 18 years. Moderna plans to enroll 
30,000 subjects age ≥ 18 years, AstraZeneca 30,000 
subjects age ≥ 18 years (randomized 2:1 to vaccine and 
placebo), Pfizer 30,000 subjects ages 16 to 85 years, and 
Novavax 10,000 subjects ages 18 to 84 years. Generally, 
these studies are set to run for two years, with plans for 
interim analysis by data and safety monitoring boards. 
The vaccine needs to be at least 50% effective (i.e., 
prevent the infection or decrease disease severity).

Recently, AstraZeneca paused its trial because of a 
reported case of transverse myelitis, but has since 
resumed both inside and outside the United States.8,9 
Similarly, Janssen/Johnson & Johnson paused its Phase 
III study when a patient became ill with an “unexplained 
illness,” although this trial has been allowed to resume, 
too.9,10 There is political pressure to grant emergency 
use authorization to one or more vaccines. The FDA’s 
latest guidance is that data from Phase III studies should 
include a median follow-up duration of at least two 
months after completion of the full vaccination regimen.

As vaccine development continues, nine of the largest 
vaccine manufacturers have pledged they will not submit 
vaccine candidates for FDA review until their safety and 
efficacy is shown in large clinical trials.11 This pledge is 

meant to allay public fears that vaccines may be rushed 
to market without adequate testing. The CEOs of all the 
leading vaccine candidates signed the pledge, including 
Johnson & Johnson, AstraZeneca, Moderna, Pfizer, 
and Novavax. Until one or more vaccines have been 
approved and about 60% to 70% of the population 
have been inoculated to achieve herd immunity, masks, 
social distancing, and hand hygiene are the most 
effective techniques to reduce transmission.  
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Table 1. Candidate Vaccine in Phase III Clinical Trials3,6 
Developer/Manufacturer Name Vaccine Platform Dose

Janssen/Johnson & Johnson Ad26.COV2.S Nonreplicating human  
adenovirus vector

2 doses IM,  
Days 0 and 56

Oxford/AstraZeneca AZD1222/ChAdOx1 nCov19 Nonreplicating chimpanzee  
adenovirus vector

Single dose IM

Moderna mRNA-1273 Nucleic acid (messenger RNA) 2 doses IM, 
Days 0 and 28

BioNTech/Pfizer BNT162b2 Nucleic acid (messenger RNA) 2 doses IM,  
Days 0 and 28

Novavax NVX-CoV2373 Recombinant SARS-CoV-2  
glycoprotein nanoparticle  
subunit with adjuvant

Two doses IM,  
Days 0 and 21
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• describe new findings in the differential diagnosis and treatment of various diseases;
• describe the advantages, disadvantages, and controversies surrounding the latest advances in the 
diagnosis and treatment of disease;

• identify cost-effective treatment regimens;
• explain the advantages and disadvantages of new disease screening procedures.

1. The auditory startle response may be present 
in unresponsive patients and indicates:
a. intact cortical connections between the 
frontal and temporal lobe structures.
b. repeated and undiminished startle responses 
are a good prognostic sign.
c. habituation of the startle response is a bad 
prognostic sign.
d. complete absence of the auditory startle 
response is a good prognostic sign. 

2. Which statement regarding atogepant is true?
a. Atogepant is the only approved oral 
calcitonin gene-related peptide antagonist for 
migraine treatment. 
b. Atogepant is approved by the FDA for acute 
migraine treatment.

c. Atogepant has been shown to be effective in 
migraine prevention.
d. Atogepant is toxic, which will limit its use. 

3. Which statement about the gut microbiome 
and Parkinson’s disease is not true?
a. Several factors, including diet and exercise, 
can affect gastrointestinal function and 
bacterial composition.
b. Orthostatic hypotension and olfactory 
loss did not have a tremendous effect on the 
bacterial composition.
c. Low physical activity was associated with 
Bacteroides.
d. Constipation and age were positively 
associated with the abundance of a genus in 
the gut.
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ECG Review
By Ken Grauer, MD
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Is There Right Ventricular Strain  
or Acute Pulmonary Embolism?
The ECG in the figure below was obtained from a middle-age woman who presented with new dyspnea. Is the T wave 
inversion in the inferior leads a reflection of right ventricular “strain” from acute pulmonary embolism? If not, what else might 
cause these ECG findings?

As always, the interpretation should be systematic, beginning 
with an assessment of the cardiac rhythm. Notice that the P 
wave in lead II is negative. This means there could be a low 
atrial or junctional rhythm, there is dextrocardia, or there 
is some type of lead misplacement. This is because the P 
wave in lead II always should be upright when the rhythm 
is sinus, unless there is dextrocardia or lead misplacement. 
One can quickly rule out dextrocardia in this patient because 
R wave progression is normal (i.e., the R wave becomes 
predominantly positive — if not in lead V3, then definitely by 
lead V4, which is normal). 

Several clues suggest that rather than a low atrial or junctional 
rhythm, the problem is some type of lead misplacement. In 
addition to the finding of a negative P wave in lead II, lead 
aVR does not show global negativity (i.e., a negative P wave, 
QRS complex, and T wave). Instead, lead aVR shows a 
significantly positive R wave (considering how reduced QRS 
amplitude is in this lead). The QRS complex and the ST-T 
wave in each inferior lead looks strikingly similar. Although 
none of these ECG findings alone is diagnostic of lead 
misplacement, the combination of the three factors should 

make this consideration high on the list of possibilities. The 
most common type of lead reversal is mixing up the left arm 
(LA) and right arm (RA) electrodes. When this happens, the P 
wave may become negative in lead II despite a sinus rhythm, 
there is global negativity (of P wave, QRS complex, and T 
wave) in lead I, and there is no longer global negativity in lead 
aVR. The positive P wave, QRS complex, and T wave in lead 
I in the figure rules out the possibility of LA-RA reversal. As a 
result, suspect some other type of lead reversal.

Recognizing the specific type of lead reversal is not important. 
What counts is recognizing that QRST morphology in several 
leads is highly unusual, and possibly (if not almost certainly 
in this case) the result of some type of lead misplacement. All 
the clinician needs to do at this point is repeat the ECG after 
verifying lead placement. Unfortunately, lead misplacement 
was not recognized in this patient. That said, one may 
strongly suspect there was RA-left leg lead reversal, which, 
when corrected, would have produced a normal ECG.

For more information about and further discussion of this 
case, please visit: https://bit.ly/30ZQZ0a.

https://bit.ly/30ZQZ0a

