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Influenza Challenge Models: 
Ready for Prime Time?

To the Editor—We wish to thank Dr 
Memoli and his team for their efforts 
to revive influenza challenge models. In 
their recent article they describe a new 
H3N2 influenza challenge model [1]. We 
certainly agree that controlled human in-
fection models for influenza and other 
important infectious diseases can provide 
critical information for the development 
of novel and effective drugs and vaccines.

However, we believe controlled human 
infection models should employ proto-
cols that assess clinical and virological 
endpoints that mimic the disease target. 
The current definition of mild to mod-
erate influenza disease (MMID) as re-
quiring only 1 positive viral polymerase 
chain reaction test (including on Day 
1)  and the report of only 1 influenza-
specific or nonspecific symptom on a 
single day may not be sufficiently strin-
gent to allow meaningful assessments of 
novel drugs and/or vaccines [2]. For ex-
ample, symptoms included in the current 
MMID definition contain such nonspe-
cific findings as headache, stomachache, 
nausea, and lack of appetite. Table 2 in 
their present publication [1] reports that 
although 6 of 8 (75%) subjects challenged 
with low doses of H3N2 developed “in-
fluenza” symptoms, none shed the virus. 
This suggests that these symptoms were 
unrelated to the challenge. In subjects 

given the higher H3N2 doses, only 55% 
had a detectable virus by influenza-
specific polymerase chain reaction, while 
the frequencies of clinical symptoms 
were no higher than the frequencies in 
the low-dose challenge. Therefore, it is 
unclear whether the H3N2 challenges re-
sulted in clinically significant influenza 
infections or whether the symptoms re-
ported truly represent influenza infec-
tions. In our experience, subjects housed 
in challenge units often have headaches, 
stomachaches, and other nonspecific 
symptoms even when administered pla-
cebos. We are concerned that the use of 
this illness definition will not provide 
meaningful assessments of new drugs 
and/or vaccines or susceptibility to 
rechallenge [3].

The Memoli group has compared 
shedders (infected) to nonshedders (no 
infection) after challenge with their 
H1N1 challenge strain, and identified 
differences [4]. However, we suggest 
that using more stringent definitions 
of MMID will improve the use of this 
model. In earlier flu challenge studies, 
we have required subjects to have a fever 
(≥100°F) and at least 2 influenza symp-
toms on 1 or more evaluations, in ad-
dition to identifying nasal shedding of 
the challenge influenza virus strain by 
culture [5]. Other investigators using in-
fluenza challenges have required either 
multiple symptoms or Grade 2 events 
for participants to qualify as being ill. 
Others do not define illness but compare 
a compilation of signs and symptoms. 
Similarly, challenge studies of norovirus 
[6–8] have required specific gastroin-
testinal symptoms of either diarrhea, 
vomiting, or more than 1 symptom.

There is a clear need to develop influ-
enza challenge strains that cause more 
significant illness [9]. However, it is also 
useful to explore alternate definitions 
of clinical illness that include multiple 
symptoms and, perhaps, eliminate non-
specific symptoms. This will increase 
confidence that the signs and symptoms 
are secondary to infection and are, in-
deed, modifiable by new treatments or 
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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.

Note
Potential conflicts of interest. The authors: No 

reported conflicts of interest. All authors have 
submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. 

David I. Bernstein,1 Robert L. Atmar,2 and Daniel F. Hoft3

1Cincinnati Children’s Hospital, University of Cincinnati, 
Cincinnati, Ohio, USA, 2Departments of Medicine, Baylor 

College of Medicine, Houston, Texas, USA, and 3Division of 
Infectious Diseases, Allergy and Immunology, Department  

of Internal Medicine, Saint Louis University, St. Louis, 
Missouri, USA

References
1.	 Han  A, Czajkowski  LM, Donaldson  A, et  al. 

A dose-finding study of a wild-type influenza 
A(H3N2) virus in a healthy volunteer human chal-
lenge model. Clin Infect Dis 2019; 69:2082–90.

2.	 Memoli MJ, Czajkowski L, Reed S, et al. Validation 
of the wild-type influenza A  human challenge 
model H1N1pdMIST: an A(H1N1)pdm09 dose-
finding investigational new drug study. Clin Infect 
Dis 2015; 60:693–702.

3.	 Memoli  MJ, Han  A, Walters  KA, et  al. Influenza 
A  reinfection in sequential human challenge: 
implications for protective immunity and “uni-
versal” vaccine development. Clin Infect Dis 2020; 
70:748–53.

4.	 Han  A, Poon  JL, Powers  JH 3rd, Leidy  NK, Yu  R, 
Memoli  MJ. Using the influenza patient-reported 
outcome (FLU-PRO) diary to evaluate symptoms 
of influenza viral infection in a healthy human 
challenge model. BMC Infect Dis 2018; 18:353.

5.	 Reuman PD, Bernstein DI, Keefer MC, Young EC, 
Sherwood JR, Schiff GM. Efficacy and safety of low 
dosage amantadine hydrochloride as prophylaxis 
for influenza A. Antiviral Res 1989; 11:27–40.

6.	 Bernstein DI, Atmar RL, Lyon GM, et al. Norovirus 
vaccine against experimental human GII.4 virus ill-
ness: a challenge study in healthy adults. J Infect Dis 
2015; 211:870–8.

7.	 Frenck  R, Bernstein  DI, Xia  M, et  al. Predicting 
susceptibility to norovirus GII.4 by use of a chal-
lenge model involving humans. J Infect Dis 2012; 
206:1386–93.

8.	 Atmar RL, Bernstein DI, Harro CD, et al. Norovirus 
vaccine against experimental human Norwalk virus 
illness. N Engl J Med 2011; 365:2178–87.

9.	 Fry AM, Zhong W, Gubareva LV. Advancing treat-
ment options for influenza: challenges with the 
human influenza challenge. J Infect Dis 2015; 
211:1033–5.

 

Correspondence: D.  I. Bernstein, Cincinnati Children’s 
Hospital, University of Cincinnati, 3333 Burnet Ave, Cincinnati, 
OH 45229 (david.bernstein@cchmc.org).

Clinical Infectious Diseases®    2020;71(11):3012–3
© The Author(s) 2020. Published by Oxford University Press for 
the Infectious Diseases Society of America. All rights reserved. 
For permissions, e-mail: journals.permissions@oup.com.
DOI: 10.1093/cid/ciaa278

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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