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Berry-Vegetable Nectar May Help to
Diminish Hospital Visits and Service Reliefs
in Conscripts during the High Risk Period of
Upper Respiratory Tract Infections

Tuomo Tompuri'?" and Osmo Hanninen'

TInstitute of Biomedicine/Physiology, University of Eastern Finland, Kuopio 70211, Finland

2Department of Clinical Physiology and Nuclear Medicine, Kuopio University Hospital, Kuopio
70029, Finland

ABSTRACT

Phytophenols can counteract Upper Respiratory Tract Infections (URTI) by effect-
ing on the microbes or by promoting immunity. At population level URTT has high economic
significance. The aim of the study was to clarify if hospital visits or hospitalization or service
reliefs from military service in conscripts could be diminished by phytophenol rich berry-veg-
etable nectar supplementation during high URTI-risk period. The 6.5 week intervention was
carried out during highest URTI-risk at winter. The intervention subjects were predominantly
healthy male conscripts (n=188) in a four military companies. Controls were either from same
four companies (n=359) or from eleven other companies (n=1597). All conscripts lived in a
same garrison within similar environment and had similar exercise program and had similar
diet ad libitum. Intervention subjects received three portions of berry-vegetable nectar in a
day. Weekly visits at the hospital, service reliefs and days in the hospital per company were
recorded. Effect by intervention was analyzed between intervention and control companies by
repeated measures analysis of variance. Intervention effect by berry-vegetable nectar was seen
as a lower amount of visits at the hospital clinic (p=0.002), and as a lower amount of reliefs
from outdoor service (p=0.049), while significant effect on hospitalization or on releases from
indoor and outdoor reliefs was not observed. We conclude that nutritional supplementation by-
phytophenol rich berry-vegetable nectar may diminish hospital visits and reliefs from outdoor
service in conscripts during high URTI-risk period.

KEYWORDS: Anti-infective; Berries; Nutritional; Phytophenols; URTIL.
INTRODUCTION

Berries are rich in antioxidants such as vitamin C and phytophenols.! Experiments
have shown that phytophenols may possess antioxidant, anti-allergic, anti-inflammatory,** anti-
bacterial and antiviral activities.* Phytophenols can counteract upper respiratory tract infections
(URTYI) by the destruction of microbes, and preventing their adhesion to mucous membranes.’
Furthermore, phytophenols may be beneficial for health by promoting the innate immunity.°
Moreover, vegetarians have lowered incidence of inflammatory processes.’

URT]I-risk is highest during cold seasons® and especially during winter months. The
URTI-risk also increases when peoples are gathering or interact with each other.” This occurs
when new conscripts start their military service. Moreover, exhaustive exercise may increase
the URTI-risk, and during open window phase of weaker resistance, viruses and bacteria may
be more infective, thus increasing infection risk.'” Thus, the physical demands of the military
service may increase URTI-risk. Among Finnish conscripts URTI is most important reason for
service reliefs and hospital visits during military service."
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Our earlier infection frequency crossover study among
small group of young cross-country skiers showed that phyto-
phenol rich berry-vegetable nectar had a health promoting po-
tential: total URTI-days diminished during intervention as com-
pared to control period.'? Previously we have also observed that
quercetin content of samples correlated strongly with the inhibi-
tion of the bacterial cultures while using agar diffusion assay.'”

We hypothesized that phytophenols may help to de-
crease morbidity and/or alleviate the symptoms in a large num-
ber of peoples during URTI epidemics. There are no correspond-
ing studies where the uniform age group of participants in partly
isolated society with similar physical training and with the simi-
lar menu ad libitum would be supplemented by berry-vegetable
nectar to detect effects on need of health services during high
URT]I-risk period. Thus, we aim to clarify if the consequences of
epidemical URTI-morbidity could be affected by supplementing
the nutrition of conscripts by phytophenol rich berry-vegetable
nectar.

METHODS

Subjects and controls were conscripts who started their
military service at the beginning of January two weeks before
intervention started. Garrison of Vekaranjdrvi (Tuohikotti, Fin-
land) includes 15 separate companies, in which conscripts do
their military service. Companies are military groups and each
company has their own military task such as “fank defense” or
“military engineering”. Voluntary conscripts, who did their mili-
tary service in a four of these 15 companies, represented inter-
vention subjects (n=188) and conscripts who were not volun-
tary for berry-vegetable nectar supplementation in these same
four companies served as company controls (n=359). Conscripts
from other 11 military companies were called as other controls
(n=1597). All conscripts were predominantly healthy men and
approximately 18 to 21 years of old reflecting Finnish male pop-
ulation. In Finland, military service is mandatory for all predom-
inantly healthy men and military service may be avoided only
due to poor health or by performing alternative public service.
Total drop-out during the intervention was 28% and at the end
of the intervention number of intervention participants was 135.
All of the intervention participants and controls lived in the simi-
lar military conditions within same garrison and had the similar
menu ad libitum. The study plan was accepted by the Ethical
Committee of the Kuopio University Hospital.

The intervention of 6.5 weeks was carried out during
highest URTI-risk after conscripts start their military service in
the beginning of January, 2001. The start time of intervention
varied between companies less than one week, and the first week
was running-in period. The intervention period was followed by
post-intervention period of 2.5 weeks. Intervention subjects re-
ceived three portions (100 ml) of berry-vegetable nectar (Liek-
san Laatuherkut OY, Lieksa, Finland) (Table 1) per day: one at
the breakfast, one at the lunch and one before going to sleep.

Adv Food Technol Nutr Sci Open J

Open Journal

Opmvemz'o

PUBLISHERS

http://dx.doi.org/10.17140/AFTNSOJ-1-111

Berry-vegetable nectar was manufactured without heating to
preserve nutritional content, and berry-vegetable nectar was pre-
served within refrigerator temperatures (35.6 to 42.8 degrees of
Fahrenheit) before eating. Participants got their berry-vegetable
nectars by military personnel daily or required amount when
subjects had camps or weekend frees.

27%
20%

A) Blackcurrant

Strawberry

Carrot 10%

Tomato 6%

Vegetable oil -

Water -

Sugar -

Preservative E202 -

B) Energy 71.4 kcal
Protein 19
Carbohydrates 179
Fat 19
Vitamin C 30 mg
Vitamin E 3mg
C) Total flavonoids 60 mg
Quercetin 1.4 mg
Myricetin 1.3 mg
Kaempferol 0.7 mg
Delphinidin 38.6 mg
Cyanin 14.7 mg
Pelargonidin 3.3 mg

Table 1: Ingredients (A) of the berry-vegetable nectar and its contents of the en-
ergy, main vitamins (B) and flavonoids (C) (per 100 gram).

When conscripts had health problems, they had oppor-
tunity to visit in the hospital clinic of the garrison. Depending on
the severity of health problem, conscripts may be released from
both indoor and outdoor military service or released only from in
outdoor military service. Moreover, if health was poor enough,
conscripts were hospitalized. Decisions of releases and hospital-
izations were done by doctors, who were not aware of the study
groups.

Afterwards, we got the number of company specific
visits in hospital clinic and number of service relieves. In Finn-
ish military forces URTI is most important reason for hospital
visits and service reliefs during service.!! Moreover, highest
URTI-risk was during study period.® Unfortunately, detailed
or individual diagnoses of the patients were not available, and
hence we were unable to distinguish URTI from other causes.
Moreover, the analyzed number of bed days in the hospital was
defined by daily roll call data. Unfortunately, the data of roll
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calls in one of the intervention company was unavailable.

Statistical analyzes were done by comparing compa-
nies. Eleven of companies included other controls and four of
companies included company controls and intervention subjects.
The number of endpoint incidences such as the hospital visits,
service relieves and bed days in the hospital in companies were
scaled by the amount of conscripts. The number of endpoint in-
cidences were calculated and reported week by week. The effect
of intervention as compared with controls was explored by re-
peated measures analysis of variance. Moreover, differences be-
tween control and subjects were also detected by T-test. Correla-
tions between endpoint incidences were computed by Pearson’s
coefficients of correlation. Statistical analyses were performed
by the SPSS software, version 19.0 (IBM Corp., Armonk, NY,
USA) and significance was defined as p<0.05.
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RESULTS
Characteristics

The total number of the hospital visits during study pe-
riod has been presented in Figure 1. Moreover, table 2 presents
the characteristics of endpoint incidences in control and inter-
vention subject companies. The number of hospital visits week
by week was associated with service reliefs from outdoor ser-
vice (r 0.84; p<0.001) and with reliefs from all service (r 0.71;
p<0.001). Furthermore, reliefs from outdoor service correlated
with reliefs from all service (r 0.63; p<0.001).

The Number of Visits at the Hospital

The intervention subjects visited less at the hospital

unning:
2,000 in

Intervention

Post-intervention

1,500

1,000

The number of hospital visits

500

e

I
9 10

I 1 I
6 7 15

-1

Week of the study

Figure 1: The total number of visits at the hospital during running-in, intervention and post-intervention
periods represented week by week. Black color represents intervention subjects (n=188), and gray color
refers company controls (n=359), and white color refers other controls (n=1597). Intervention ended be-
tween seventh and eight week and week number 7.5 refers three intervention days and week number 8

includes four post-intervention days.

Intervention Post-intervention
Releases Releases from Days in the Visits in Releases from Releases Days in the
from outdoor . i i . from all i
. all service hospital hospital outdoor service . hospital
service service
Intervention | Mean 1.08 1.67 0.43 0.46 0.81 0.56 0.22 0.65
subjects SD 0.45 0.71 0.30 0.40 0.32 0.30 0.09 0.61
Company Mean 1.55 2.07 0.54 1.08 0.81 0.52 0.16 0.43
controls SD 0.43 0.29 0.07 0.16 0.30 0.15 0.06 0.24
Other con- Mean 1.83 2.48 0.53 1.10 0.52 0.20
trols SD 0.33 0.60 0.12 0.36 0.18 0.1
Abbreviations: SD = Standard Deviation.
The number of companies: intervention companies (n=4, except for days in the hospital where n=3), company controls (n=4 except for days in the hospital
where n=3), and other control companies (n=11).

Table 2: Weekly average and standard deviation values for the endpoint incidences during intervention and post-intervention. These values has been calculated between specific com-

panies and scaled by number of conscripts.
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clinic as compared to all controls during intervention accord-
ing to repeated measures analysis of variance (p=0.002) (Figure
2). However, the difference in the total amount of visits during
intervention as compared with company controls was not signifi-
cant. During post-intervention period there were any differences
between intervention subjects and control groups.

The Number of Reliefs from Outdoor Service

The intervention explained differences in the reliefs
from outdoor service (p=0.049) (Figure 3) i.e. intervention sub-
jects had the minor amount of releases from outdoor service as
compared to all controls. The difference between the interven-
tion subjects and company controls was not significant. More-
over, there were no differences during post-intervention period.
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The Number of Reliefs from Outdoor and Indoor Service

The number of service reliefs from both in- and outdoor
services was similar in intervention subjects to company con-
trols, to other controls and to all controls during intervention and
post-intervention.

The Number of Bed Days in the Hospital

Intervention did not effect on the amount of the bed
days in the hospital during intervention (»>0.067) when compar-
ing intervention subjects and controls. Correspondingly, there
were no significant differences during post-intervention period
between intervention and control companies.
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Figure 2: The average amount and 95% confidence interval of the visits at the hospital clinic in interven-
tion (n=4, black circles) and in control (n=15, gray squares) companies week by week during the interven-
tion. Effect by intervention has been analyzed by repeated measures analysis of variance. Seventh week

includes only three days.
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Figure 3: The average amount and 95% confidence interval of the reliefs from the outdoor service in in-
tervention (n=4) and in control (n=11) companies week by week during the intervention. Group effect has
been analyzed by repeated measures analysis of variance. Seventh week includes only three days.
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DISCUSSION

Results suggest that conscripts who were eating berry-
vegetable nectar visited less at the hospital clinic and had minor
amount of outdoor service reliefs during intervention. These dif-
ferences were seen while comparing intervention subjects and
all controls, but not between intervention subjects and company
controls who were living in same barracks.

The results were similar as compared to the earlier
study among young skiers, where number of the overall URTI-
days and bed days decreased.!>? However, there are certain dif-
ferences between participants in these two studies: while young
top level athletes tend to observe their health in detail, current
conscripts were sample of Finnish male population. Moreover,
in the current study the decisions of service relieves and the hos-
pitalization were done by physician instead of subjective diary
as in the case of young skiers. Unfortunately, we did not have
specific individual diagnoses and thus we must suppose that an
observed alternation in the hospital visits (Figure 1) and in the
other endpoint incidences reflects URTI epidemics. In general,
epidemic diseases may increase the number of hospital visits.
Furthermore, most of hospital visits and missed service days
among Finnish conscripts are due to URTL."" Moreover, time of
the study i.e. cold seasons is typical for URTI-epidemics.®

Population immunity'* may potentially explain why
significant differences were not observed between intervention
subjects and company controls. On other hand, while analyzes
were done by company by company, comparison with company
controls were done within four companies, and low number of
companies potentially limits statistical power.

In the current study, the action mechanisms of the
berry-vegetable nectar remains speculative. It has been con-
cluded that vitamin C supplementation may not decrease URTI
morbidity,'* but phytophenols may promote health and dimin-
ish URTL*>!51 There are, however, other potential explanations
such as supplementation by energy ingredients due to nectar,'?
and among young skiers high URTI morbidity was partly ex-
plained by great gap between high training load and low nutri-
tional energy intake. Moreover, the post-exhaustion related open
window of immunity may be modulated by phytophenols, while
phytophenols like tannins decrease the oxidative damage includ-
ing lipid peroxidation,?*?! which might diminish post-exhaustive
exercise related low immunity phase.?> However, once ingested,
phytophenols may be subjected to extensive metabolization,
which may effect on phytophenols affects.® Correspondingly,
our earlier study indicated that rather quercetin than the vitamin
C content correlated with their antibacterial activity in vitro.'
However, while eating phytophenol containing foods as ber-
ries, conditions in the mouth and in the upper respiratory tract
may become less favourable for pathogenic microbes,*** and the
prevention of microbial adhesion is one possible mechanism to
explain antimicrobial effects by phytophenols.!®!7
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Staying healthy and being capable to exercise have im-
portance during military service. On other hand, the effects of
URTI on public health may have high relevance. Military envi-
ronment may work as a potential melting pot for URTI-microbes
when conscripts gather to do their military service. Correspond-
ingly, while these conscripts return among civilians using public
transport, more viral version of URTI may be passed back to
infect civilians. Total economic effects of URTI are significant
due to lost in school and workdays and medical costs.

The current study has strengths such as an objective
and the blinded recording of health incidences. Moreover, mili-
tary system offers some unique advantages for a science, such
as high number of participants who are living in similar envi-
ronment, who do similar exercise, and who had similar diet ad
libitum. This kind of circumstances may be difficult to organize
elsewhere. On other hand, because of military systems and hab-
its, we did not got the more specific data of individual health
such as URTI-related diagnoses. Therefore, we were forced to
perform analysis between companies, which diminished statisti-
cal power and refers that our results are rather suggestive.

Our results suggest that the nutritional supplementation
by berry-vegetable nectar may possess health promoting poten-
tial; subjects with berry-vegetable nectar supplementation had
lower number of visits at hospital clinic and the minor amount of
releases from military outdoor service during URTI epidemics
as compared to controls. However, additional studies with more
specific data are needed to confirm the results.

CONFLICTS OF INTEREST

The authors declare that they have no conflict of interest. The
study was performed in accordance with the ethical standards of
the Declaration of Helsinki and the authors declare that these ex-
periments comply with current Finnish laws. The study protocol
was approved by the Research Ethics Committee of the Hospital
District of Northern Savo. All subjects gave informed written
consent. These results have not been published elsewhere.

ACKNOWLEDGEMENTS

We get donation of the berry-vegetable nectar by Lieksan
Laatuherkut OY (Lieksa, Finland, Europe). Moreover, collabo-
ration with servicemen and personnel of the Garrison of Vek-
aranjarvi, Tuohikotti, Finland are highly appreciated.
REFERENCES

1. Hakkinen SH, Kérenlampi SO, Heinonen M, Mykkénen HM,
Torronen RA. Content of the flavonols quercetin, myricetin,
and kaempferol in 25 ediple berries. J Agric Food Chem. 1999;
47(6): 2274-2279. doi: 10.1021/j9811065

2. Middleton E. Effect of plant flavonoids on immune and in-

Page 71



http://pubs.acs.org/doi/abs/10.1021/jf9811065

ADVANCES IN FOOD TECHNOLOGY AND
NUTRITIONAL SCIENCES

ISSN 2377-8350

flammatory cell function. Adv Exp Med Biol. 1998; 439: 175-
182. doi: 10.1007/978-1-4615-5335-9 13

3. Pelzer LE, Guardia T, Osvaldo Juarez A, Guerreiro E. Acute
and chronic anti-inflammatory effects of plant flavonoids.
Farmaco. 1998;30(6): 421-424. doi: 10.1016/S0014-827X(98)0
0046-9

4. Ivancheva S, Manolova N, Serkedjieva J, Dimov V, Ivanovs-
ka N. Polyphenols from Bulgarian medical plants with anti-
infectious activity. Basic Life Sci. 1992; 59: 717-728. doi:
10.1007/978-1-4615-3476-1_43

5. Sakanaka S, Aizawa M, Kim M, Yamamoto T. Inhibitory ef-
fects of green tea polyphenols on growth and cellular adherence

of an oral bacterium, Porphyromonas gingivalis. Biosci Biotech-
nol Biochem. 1996; 60(5): 745-749. doi: 10.1271/bbb.60.745

6. Middleton E Jr, Kandaswami C. Effects of flavonoids on im-
mune and inflammatory cell functions. Biochem Pharmacol.
1992; 17(6): 1167-1179. doi: 10.1016/0006-2952(92)90489-6

7. Nenonen MT, Helve TA, Rauma AL, Hinninen OO. Un-
cooked, lactobacilli-rich, vegan food and rheumatoid arthri-
tis. Br J Rheumatol. 1998; 37(3): 274-281. doi: 10.1093/
rheumatology/37.3.274

8. Hortal M, Benitez A, Contera M, Etorena P, Montano A,
Meny M. A community-based study of acute respiratory tract
infections in children in Uruguay. Rev Infect Dis. 1990; 12(S8):
S966-S973.

9. Ponka A, Nurmi T, Salminen E, Nykyri E. Infections and other
illnesses of children in day-care centers in Helsinki. Incidences
and effects of home and day-care center variables. Infection.
1991; 19(4): 230-236. doi: 10.1007/BF01644951

10. Nieman DC, Pedersen BK. Exercise and immune function.
Recent developments. Sports Med. 1999; 27(2): 73-80. doi:
10.2165/00007256-199927020-00001

11. Lehtoranta L, Kalima K, He L, et al. Specific probiotics and
virological findings in symptomatic conscripts attending mili-
tary service in Finland. J Clin Virol. 2014; 60(3): 276-281. doi:
10.1016/j.jcv.2014.03.021

12. Tompuri T, Hanninen O. Flavonoid rich nectar decreased up-
per respiratory infections in training adolescents. International
Review of the Armed Forces Medical Services. 2001; 74(4): 213-
216.

13. Glezen WP. Herd protection against influenza. J Clin Virol.
2006; 37(4): 237-243. doi: 10.1016/].jcv.2006.08.020

14. Borg P, Fogelholm M, Vasankari T, Katila R, Tuomi T. Lack

Adv Food Technol Nutr Sci Open J

Open Journal

Opmvemz'o

PUBLISHERS

http://dx.doi.org/10.17140/AFTNSOJ-1-111

of effect of long-term antioxidant supplementation on the inci-
dence of upper respiratory tract infections in athletes. Proceed-
ings of the 5" Annual Congress of the European College of Sport
Science. Jyvéskyld, Finland, Europe: Gummerus; 2000: 171.
19-23.

15. Foo LY, Lu Y, Howell AB, Vorsa N. The structure of cranber-
ry proanthocyanidins which inhibit adherence of uropathogenic
P-fimbriated Escherichia coli in vitro. Phytochemistry. 2000;
54(2): 173-181. doi: 10.1016/S0031-9422(99)00573-7

16. Nakahara K, Kawabata S, Ono H, et al. Inhibitory effect
of oolong tea polyphenols on glycosyl transferases of mutans
Streptococci. App! Environ Microbiol. 1993; 59(4): 968-973.

17. Nakayama M, Suzuki K, Toda M, Okubo S, Hara Y, Shi-
mamura T. Inhibition of the infectivity of influenza virus by
tea polyphenols. Antiviral Res. 1993; 21(4): 289-299. doi:
10.1016/0166-3542(93)90008-7

18. Reynolds HY. Respiratory infections may reflect deficiencies
in host defence mechanisms. Dis Mon. 1985; 31(2): 1-98. doi:
10.1016/0011-5029(85)90010-0

19. Tagashira M, Uchiyama K, Yoshimura T, Shirota M, Uemit-
su N. Inhibition by hop bract polyphenols of cellular adherence
and water-insoluble glucan synthesis of mutants streptococci.
Biosci Biotechnol Biochem. 1997; 61(2): 332-335. doi: 10.1271/
bbb.61.332

20. Chung KT, Wong TY, Wei CI, Huang YW, Lin Y. Tannins
and human health: A review. Crit Rev Food Sci Nutr. 1998;
38(6): 421-464. doi: 10.1080/10408699891274273

21. Hollman PC, Katan MB. Absorption, metabolism and health
effects of dietary flavonoids in man. Biomed Pharmacother.
1997, 51(8): 305-310.

22. Dekkers JC, van Doornen LJ, Kemper HC. The role of an-
tioxidant vitamins and enzymes in the prevention of exercise-
induced muscle damage. Sports Med. 1996; 21(3): 213-238. doi:
10.2165/00007256-199621030-00005

23. Wruss J, Lanzerstorfer P, Huemer S, et al. Differences in
pharmacokinetics of apple polyphenols after standardized oral
consumption of unprocessed apple juice. Nutr J. 2015; 14(1):
32. doi: 10.1186/s12937-015-0018-z

24. Sakagami H, Oi T, Satoh K. Prevention of oral diseases by
polyphenols (review). In Vivo. 1999; 13(2): 155-171.

25. Fendrick AM, Monto AS, Nightengale B, Sarnes M. The
economic burden of non—influenza-related viral respiratory tract
infection in the United States. Arch Intern Med. 2003; 163(4):
487-494. doi: 10.1001/archinte.163.4.487

Page 72



http://link.springer.com/chapter/10.1007/978-1-4615-5335-9_13
HTTP://WWW.SCIENCEDIRECT.COM/SCIENCE/ARTICLE/PII/S0014827X98000469
HTTP://WWW.SCIENCEDIRECT.COM/SCIENCE/ARTICLE/PII/S0014827X98000469
http://link.springer.com/chapter/10.1007/978-1-4615-3476-1_43
https://www.jstage.jst.go.jp/article/bbb1992/60/5/60_5_745/_article
http://www.sciencedirect.com/science/article/pii/0006295292904896
http://rheumatology.oxfordjournals.org/content/37/3/274.long
http://rheumatology.oxfordjournals.org/content/37/3/274.long
http://link.springer.com/article/10.1007%2FBF01644951
http://link.springer.com/article/10.2165/00007256-199927020-00001
http://www.ncbi.nlm.nih.gov/pubmed/24793963
http://www.sciencedirect.com/science/article/pii/S1386653206003179?np=y
HTTP://WWW.SCIENCEDIRECT.COM/SCIENCE/ARTICLE/PII/S0031942299005737
http://www.sciencedirect.com/science/article/pii/0166354293900087
http://www.sciencedirect.com/science/article/pii/0011502985900100
https://www.jstage.jst.go.jp/article/bbb1992/61/2/61_2_332/_article
https://www.jstage.jst.go.jp/article/bbb1992/61/2/61_2_332/_article
HTTP://WWW.TANDFONLINE.COM/DOI/ABS/10.1080/10408699891274273?URL_VER=Z39.88-2003&RFR_ID=ORI:RID:CROSSREF.ORG&RFR_DAT=CR_PUB%3DPUBMED
HTTP://LINK.SPRINGER.COM/ARTICLE/10.2165%2F00007256-199621030-00005
http://www.nutritionj.com/content/14/1/32
http://archinte.jamanetwork.com/article.aspx?articleid=215118

