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prior infections. We recommend that the 
current data be reevaluated to determine 
a more stringent definition of MMID 
that will better differentiate infected from 
noninfected subjects postchallenge.
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Reply to Bernstein, Atmar, 
and Hoft

To the Editor—Thank you for the op-
portunity to respond to the Letter to 
the Editor submitted by Drs Bernstein, 
Atmar, and Hoft regarding the endpoints 
that have been used in our influenza chal-
lenge studies. Although we agree that it is 
important to use high-quality endpoints 
in human challenge models, we do not 
agree with their arguments against the use 
of “mild-to-moderate influenza disease” 
(MMID) as one of several endpoints in 
a challenge study [1–3]. This endpoint 
has been used as the primary endpoint 
in initial validation studies of new influ-
enza challenge models including this in-
fluenza A/H3N2 virus as it encompasses 
both virologic and clinical measures of 
disease, giving us an objective measure to 
characterize the performance of a model 
in which every participant is exposed to 
infectious influenza after it is purpose-
fully administered intranasally.

We recognize that all influenza symp-
toms are nonspecific and are shared with 
many other respiratory viruses. These 
symptoms can include fever, but it has been 
clearly demonstrated that many influenza 
infections do not result in fever, either in 
challenge studies [4] or from natural in-
fection [5–7], especially in young adults. 
Therefore, in evaluating the performance 
of a challenge virus, we prefer to include a 
broadly defined list of symptoms to better 
understand the full spectrum of illness as-
sociated with infection. Each participant is 
assessed daily; if a reasonable explanation 
for the cause of a symptom other than in-
fluenza is found, it is documented and not 
deemed as meeting MMID criteria as the 
symptoms must be considered influenza-
related. In this setting where participants 
are carefully screened on admission and 
tested for 21 different respiratory pathogens 
daily before and after influenza administra-
tion, the symptoms assessed are broad but 
are known symptoms of influenza [8, 9]  
and in the absence of other infections, 
in this context are most plausibly due to 
influenza.

The authors of the letter point out that 
several of the H3N2 challenge partici-
pants had influenza symptoms without 
documented viral shedding, indicating 
that the symptoms were not influenza 
related. We counter that the detection of 
viral shedding is not necessary to indicate 
that a person has been infected with in-
fluenza. It is common for individuals to 
develop influenza infections, including 
medically attended influenza, without a 
positive virologic test due to the limita-
tions of sample collection that include: 
the location and kinetics of the replicating 
virus, anatomy of the person, variation in 
sampling techniques (ie, nasal wash, na-
sopharyngeal wash, nasal swab), and the 
diagnostic test being performed. This is 
recognized in many influenza challenge 
studies [10], including the one referenced 
in the letter [11] that relied on the isola-
tion of influenza virus and/or a 4-fold or 
greater increase in serum hemagglutina-
tion inhibition (HAI) antibody titers to 
define influenza infection, recognizing 
that there are instances when influenza 
infection occurs without the detection 
of virus.

Human challenge studies have been 
used for decades [12] and have allowed 
for great advances in the development of 
influenza countermeasures [13]. In using 
these models for evaluation of novel vac-
cines or therapeutics it is important to 
choose endpoints that are apt for the goal 
of the study. The MMID endpoint is only 
one of many endpoints we have devel-
oped in these challenge models. In all of 
our challenge studies we include analysis 
of virologic, immunologic, and clinical 
endpoints to assess the severity of illness, 
including the number of days of shed-
ding, the number of days of symptoms, 
the number of symptoms, and FLU-PRO 
scores, in addition to many laboratory-
based measures such as antibody re-
sponses and transcriptomics [14]. All 
of these endpoints together allow for 
a more complete picture of the disease 
to be assessed and any of them could 
be considered as endpoints in phase II 
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trials. Through careful development of 
novel influenza challenge models with 
endpoints like MMID, these validated 
models can be applied in various ways 
and at various stages in the develop-
ment of novel broadly protective influ-
enza vaccines to assess efficacy as well as 
breadth of protection, and they will play 
a key role in the development of the next 
generation of influenza vaccines and 
countermeasures.
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A Multicenter, Longitudinal 
Cohort Study of Cryptococcosis 
in Human Immunodeficiency 
Virus–Negative People in the 
United States

To the Editor—Marr and colleagues 
[1] report the results of a longitudinal 
follow-up of human immunodeficiency 
virus (HIV)–negative patients with 
cryptococcosis, and found substantial 
long-term neurological sequelae and 
morbidity in this multicenter cohort. This 
is a striking finding, because in patients 
living with HIV (PLHIV) presenting with 
cryptoccal meningitis, long-term neu-
rological sequelae do not seem to be as 
prevalent if patients are treated promptly.

We would like to make 2 further com-
ments. First, we do not know what the 
prevalence of stroke was in this study, 
which may account for the long-term 
neurological disabilities. Stroke as a 

consequence of cryptococcal menin-
gitis in PLHIV is relatively rare—timely 
restoration of the immune system with 
antiretroviral therapy seems to prevent 
excessive brain swelling [2]. However, 
this was not an option for most patients 
in this study, who had to remain per-
manently immunosuppressed after di-
agnosis of cryptococcosis. Antifungal 
treatment also has poor penetration 
across the blood–brain barrier [3]. In 
patients on long-term immunosuppres-
sion, these factors may contribute to 
persistence of the organism within the 
subarachnoid space, prolonged brain 
inflammation and swelling, and conse-
quently a higher burden of brain infarc-
tion or hemorrhage.

Second, the authors mention that 
they were unable to examine the signifi-
cance of delayed diagnosis on mortality 
using Cox regression due to collinearity. 
A prolonged delay to diagnosis, however, 
is especially significant in the context of 
neurological disability, and may be cen-
tral to its reduction if related to brain 
ischemia. It may be interesting to plot 
a simple graph of time to diagnosis and 
time to death, or severity of neurological 
deficits after diagnosis and examine for 
this relation descriptively.

Following on from this, future studies 
on cryptococcosis in patients without 
HIV should focus on the prevalence 
and prognostic significance of any brain 
imaging or cerebrospinal fluid results 
(opening pressure, India ink stain, glu-
cose, and protein). This may also further 
help to characterize this particular co-
hort of patients and facilitate an earlier 
diagnosis.
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