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Müller L, Meyer M, Bauer RN, et al. Effect of broccoli sprouts and live attenuated influenza 
virus on peripheral blood natural killer cells: a randomized double-blind study. PLoS One. 
January 28, 2016;11(1):e0147742. doi: 10.1371/journal.pone.0147742. 
 
Influenza infection, or the flu, is a common illness worldwide that sometimes causes serious 
illness and even death. Broccoli (Brassica oleracea var. italica, Brassicaceae) sprout 
homogenate (BSH) has been reported to attenuate viral replication and enhance immune 
responses of host organisms. BSH contains the compound sulforaphane, which has been 
shown to increase natural killer (NK) cell activity. These systemic lymphocytes trigger 
cytokine release and factor in the host's cytotoxic response. The live attenuated influenza 
virus (LAIV) vaccine is used as an experimental model in human subjects and has been 
shown to elevate nasal NK activity. This randomized, double-blind, placebo-controlled study 
investigated the impacts of BSH on immune cell activity, especially NK cell activity, in blood 
of nonsmoking, healthy subjects given LAIV.   
 
Potential subjects were excluded if they smoked, since smoking affects immune response to 
LAIV, or had a flu vaccine or infection within a year prior to the study. The authors indicate 
that this study represents a portion of a larger study that did include smokers, with nasal 
responses to LAIV in smokers being separately published. Included subjects were randomly 
assigned to consume alfalfa (Medicago sativa, Fabaceae) sprout homogenate (ASH) as 
placebo or BSH once per day for 4 days. Daily dosage was 200 g of a shake containing 111 
g of broccoli sprouts (reported to contain 100 µmol of sulforaphane) or ASH (said to contain 
"minimal" amounts of sulforaphane).  
 
Broccoli sprouts were procured from Brassica Protection Products LLC (Baltimore, 
Maryland), while shakes were made by the Nutrition Research and Metabolism Core, 
University of North Carolina; Chapel Hill, North Carolina. On the second day of BSH or ASH 
treatment, nasal LAIV (FluMist®; MedImmune, Inc.; Gaithersburg, Maryland) was 
administered to subjects. Blood samples were collected on the first day of shake 
consumption, i.e., the day before LAIV administration (day −1), day 2, and day 21. Subjects 
were instructed to abstain from the consumption of other vegetables in the Brassicaceae 
family and anti-inflammatory drugs during the study period.  Whole blood was analyzed by 
flow cytometry to quantify several types of immunity-related cells, and peripheral blood 
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mononuclear cells were isolated for the detection of NK cells. NK cells were further analyzed 
for markers of activity and assayed for cytotoxicity. Nasal viral load also was measured using 
real-time reverse transcription polymerase chain reaction (RT-PCR).  
 
This study took place during the flu season of 2012-2013. Overall, 42 subjects were 
randomly assigned to the ASH (n=23) or the BSH (n=19) group. After exclusion of subjects 
who developed respiratory illness or missed appointments, 21 subjects in the ASH group and 
15 subjects in the BSH group received the treatments; in the ASH group, 1 additional subject 
dropped out early due to illness. Difficulties in sample collection or processing meant that in 
the ASH group, cell populations could be analyzed in only 11 subjects, and NK cell markers 
and cytotoxicity in 14 subjects. In the BSH group, cell populations and NK cell markers were 
analyzed in 11 subjects and cytotoxicity in 12. There were no adverse side effects reported, 
although 1 subject fainted during a blood draw. There were no statistically significant 
baseline differences in age, sex, race, or body mass index between groups; data were given 
only for 16 ASH subjects and 13 BSH subjects.  
 
At day 2 and day 21, T cells and NKT cells (NK cells with similar activity to T cells) were 
significantly decreased in all subjects considered together as compared to day −1 (T cells: 
26.5 ± 8.07 cells vs. 22.7 ± 5.27 cells, P=0.022; NKT cells: 1.65 ± 1.15 cells vs. 0.93 ± 0.61 
cells, P=0.002). In all subjects, NKT cells were significantly decreased at day 21 as 
compared to day −1 (1.65 ± 1.15 cells vs. 1.23 ± 0.86 cells, P=0.036). Those in the BSH 
group had fewer NKT cells in blood on day 21 than the ASH group (P=0.041). [Note: 
Apparent formatting errors in one table suggest an opposite effect.] The authors suggest that 
T and NKT cells are reduced in blood because they are directed to the nasal mucosa in 
response to LAIV infection. 
 
In all subjects, at day 2 as compared with day −1, a marker of reduced cytotoxicity in NK 
cells was significantly lowered (P=0.0084), suggesting that a greater proportion of NK cells 
were highly cytotoxic. Likewise, in all subjects at day 2, a marker of NK cell inhibition was 
significantly reduced (P=0.0007), a marker of NK cell cytotoxicity was significantly elevated 
(P=0.0095), and directly measured cytotoxic activity of NK cells was significantly increased 
(P=0.015). A marker of NK cell apoptotic potential was significantly increased on day 21 
compared with day −1 only in those taking BSH (P=0.038). Differences in nasal viral load 
were not statistically significant. 
 
In general, LAIV significantly decreased T cells and NKT cells in peripheral blood, while 
significantly increasing NK cell cytotoxicity. BSH had a significant effect on NKT cell number, 
as well as NK cell apoptotic potential. Reported results from both groups suggest that ASH 
also may have had bioactivity in subjects given LAIV, illustrating the necessity of careful 
selection of a placebo for future trials. [Note: Alfalfa has sometimes been used in folk 
medicine for respiratory infections.] Also, the clinical significance of measured effects is 
unclear. Future clinical studies would do well to include patients with the flu to ascertain 
efficacy of BSH on illness as opposed to vaccine response.    
 
—Amy C. Keller, PhD 
 
Referenced article can be accessed at 
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0147742. 
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