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from conventional whole-stool FMT, 
introducing a source of heterogeneity. We 
therefore performed another sensitivity 
analysis by excluding the SER-109 phase 
2 study [4] , and results were similar to the 
overall cure rate (70.4%; 95% CI, 55.0%–
85.7%; Figure 1B). The comment about 
engraftment offers a potential explanation 
for the lower rate of success we reported 
in controlled trials. However, we are not 
aware of published data or studies that 
have directly compared microbial engraft-
ment after SER-109 to conventional FMT.

Given the concerns raised, we also 
performed an analysis by excluding both 
the RBX-2660 and SER-109 studies, and 
the overall cure rates still remained lower 
than what has been reported in obser-
vational studies (72%; 95% CI, 52.3%–
91.7%; Figure 1C). Therefore, the results 
of our sensitivity analyses after removing 
either or both of the studies in question 
do not significantly impact the point es-
timate of cure in clinical trials, which is 
lower than that reported in observational 
studies. However, we do acknowledge that 
the upper bounds of the CIs do approach 
the results seen in observational studies.

Additionally, we completely agree and 
acknowledge that there is a need to opti-
mize and standardize microbial replace-
ment products in terms of formulations, 
dosing, delivery, and timing, among other 
parameters. Several products that are 
being developed, such as CP-101, RBX-
2660, RBX-7455, SER-109, SER-262, and 
VE-303, will address some of these issues 
and hopefully advance the science. 

Comments about government funding 
agencies, commercial developers, and 
the US Food and Drug Administration 
approval process are not related to and 
are not in the scope of our currently 
published study.
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Is Oral Ribavirin for the 
Treatment of Respiratory 
Syncytial Virus in High-
risk Hematopoietic Stem 
Cell Transplant Recipients 
Really Safe?

To the Editor—We read with great in-
terest the article published by Foolad et al 
[1] comparing oral with aerosolized (or 
inhaled) ribavirin for the treatment of 
respiratory syncytial virus (RSV) infec-
tion in hematopoietic stem cell transplant 
(HSCT) recipients. In this population, 
current guidelines recommend treatment 
of RSV infection in those at high risk of 
disease progression and death with ei-
ther aerosolized or systemic ribavirin 
[2]. However, supporting evidence on the 

use of ribavirin in this context is largely 
retrospective and limited to the inhaled 
formulation. The use of oral ribavirin in 
high-risk HSCT patients has not been 
well studied.

Foolad et  al sought to compare rates 
of disease progression and mortality in 
RSV-positive HSCT recipients treated 
with oral versus inhaled ribavirin. We feel 
this is an area of significant clinical in-
terest, as the use of inhaled ribavirin can 
come with considerable challenges. The 
authors concluded that outcomes were 
similar in those treated with aerosolized 
or oral ribavirin, suggesting that oral 
ribavirin may be a suitable treatment al-
ternative in these patients.

We believe the conclusions presented 
in this study should be taken in the 
following context. Previous data 
recommending the use of ribavirin 
in HSCT patients with RSV infection 
showed a significant benefit when used 
specifically in high-risk patients [2–4]. It 
is unclear whether a benefit exists with its 
use in low- to moderate-risk patients. In 
this study, 15% of the population studied 
were classified as high risk, whereas the 
majority of patients (85%) were classi-
fied as low to moderate risk. Thus, while 
the conclusion revealed no difference in 
overall mortality rates when using oral or 
inhaled ribavirin, this may primarily be 
due to the inclusion of low- to moderate-
risk patients who may not have benefited 
from ribavirin treatment at all. Moreover, 
when outcomes were stratified by im-
munodeficiency scoring index (ISI), it 
was found that the small proportion of 
high-risk patients included in the study 
had similar mortality rates whether they 
received oral or aerosolized ribavirin. It 
should be noted that the total number 
of patients in the study classified as high 
risk was only 18 (12 of whom received 
aerosolized ribavirin and 6 of whom re-
ceived oral ribavirin). With a total of only 
18 high-risk patients, the study may be 
underpowered to detect a meaningful dif-
ference between treatment groups in this 
subset of patients. In addition, the appli-
cation of the ISI, developed originally for 
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allogeneic HSCT recipients, in a study 
population made up of a large proportion 
of autologous HSCT recipients (38%) 
may introduce error in the accuracy of 
risk stratification of these patients [5]. We 
are not aware of any validation of the ISI 
in autologous HSCT recipients.

While we compliment the authors for 
undertaking such an important study, 
we believe the jury is still out regarding 
the use of oral ribavirin in clinical prac-
tice, especially in RSV-positive HSCT 
recipients who are at high risk of disease 
progression and/or mortality. Perhaps 
newer strategies hold the key to suc-
cessful management of this disease.
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Reply to Jain et al

To the Editor—We thank Jain et  al 
for their thoughtful comments on our 
study comparing the outcomes of treat-
ment with oral vs aerosolized ribavirin 
(RBV) in hematopoietic cell transplant 
(HCT) recipients with respiratory syn-
cytial virus (RSV) infections [1]. With 
the significant increase in the cost of 
aerosolized RBV ($30  000 per day), 
a randomized controlled trial of oral 
vs aerosolized RBV for the treatment 
of RSV in HCT recipients is unlikely 
to be undertaken [2]. Owing to finan-
cial restrictions, many institutions, in-
cluding ours, adopted oral RBV as an 
alternative therapy for RSV infection 
in HCT recipients. With all of the lim-
itations of any retrospective study in 
mind, we aimed to identify any signal 
of worse outcomes after the switch of 
formulations occurred in our center [1].

We agree with Jain et al that high-risk 
allogeneic HCT patients (as defined by 
Shah et al [3]) with RSV infections likely 
benefited the most from treatment with 
aerosolized RBV, with reductions in 
the rates of progression to lower respi-
ratory tract infection (LRTI) and mor-
tality. However, we acknowledge that 
the number of high-risk patients was 
limited in our study [2] and the previous 
study [3]; thus, our analysis may have 
been underpowered to detect differences 
in outcomes with aerosolized or oral 
RBV in this subset of patients. On the 
other hand, Shah et al [3] demonstrated 
a notable benefit in the moderate-risk 
group as well, where treatment with 
RBV reduced LRTI rates from 23% to 
11% (risk ratio, 2.1 [95% confidence 
interval, .9–4.6]). Thus, we believe that 

there is a role for antiviral therapy in 
moderate-risk patients, and this is typ-
ically more practical with the oral than 
with the aerosolized formulation of 
RBV. Regardless, our data did not de-
tect any signal of worse outcomes with 
oral therapy, and in fact the 90-day mor-
tality rate was numerically higher in the 
aerosolized group (58%) than in the oral 
group (33%) [1].

Our study included both autologous 
and allogeneic transplant recipients. 
We chose to include autologous trans-
plant recipients because some of these 
patients are at risk for RSV-associated 
morbidity and mortality and may ben-
efit from treatment with RBV [4–6]. 
Although the immunodeficiency 
scoring index was developed on the 
basis of a cohort of allogeneic HCT 
recipients, it may be useful to identify 
autologous HCT patients who are at 
a higher risk for poor outcomes from 
RSV. Nonetheless, we agree that further 
validation is needed.

Finally, oral RBV is inexpensive, may 
be administered as outpatient therapy, 
and has limited side effects when used 
for a short duration. While we eagerly 
await newer strategies to manage RSV 
infection in HCT recipients, we believe 
the current data on oral RBV for RSV 
somewhat support its use as an alterna-
tive to aerosolized RBV or no antiviral 
therapy.

Note
Potential conflicts of interest. R. F. C. reports 

grants to his institution from Gilead, and has 
received personal fees from Ablynx, JNJ, and 
ADMA Biologics, outside the submitted work.  
F. F. has no potential conflicts. Both authors have 
submitted the ICMJE Form for Disclosure of 
Potential Conflicts of Interest. Conflicts that the 
editors consider relevant to the content of the 
manuscript have been disclosed.

Farnaz Foolad1 and Roy F. Chemaly2

1Division of Pharmacy, and 2Department of Infectious 
Diseases, Infection Control, and Employee Health, University 

of Texas MD Anderson Cancer Center, Houston

References
1. Foolad  F, Aitken  SL, Shigle  TL, et  al. Oral versus 

aerosolized ribavirin for the treatment of respira-
tory syncytial virus infections in hematopoietic cell 

http://orcid.org/0000-0002-2920-802X
mailto:shilpa.jain@medportal.ca?subject=

