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ABSTRACT

Purpose: Upper respiratory tract infections are major causes of the common cold throughout the world, Cordyceps militaris
(C. militaris) is a well—-known functional food for its anti—fatigue and immunomodulating activities, On the other hand, there
are no reports on the protective effect against upper respiratory tract infections (URI), This study was a 12 week randomized,
double—blind, and placebo—controlled trial in healthy volunteers. Methods: A total of 100 subjects 20 ~ 70 years of age with
a history of at least two colds in the year were enrolled in the study. The participants were required to record any adverse
events and rate any cold—related incidents in a diary during the investigation period, The efficacy end point was the symptoms
and incidence of URI, and changes in cytokines, IgA and natural killer (NK) cell activity, Results: The Cordyceps militaris
group over 12 weeks showed no significant impact on the incidence and symptomatology of URI compared to the placebo
group. On the other hand, the experimental group showed significantly higher NK cell activity (p=0.047) and IgA level (p
=0.035) compared to the placebo group. The NK—cell activity and IgA level were increased significantly by Cordyceps
militaris over 12 weeks. Conclusion: The results suggest the possible beneficial immunomodulating effects, but the protective
effects on URI could not be demonstrated under these conditions, Additional research will be needed to determine the efficacy
and mechanisms of Cordyceps militaris function,
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Assessed for eligibility
(n=109)
Excluded (n =9)
>« Not meeting inclusion criteria (n = 5)
* Declined to participate (n = 3)
Randomized * Other reasons (n = 1)
(n=100)

v v
[ Allocation ]
Allocated to Test group (n = 50) Allocated to Placebo group (n = 50)
* Received allocated intervention (n = 50) * Received allocated intervention (n = 50)
* Did not receive allocated intervention (n = 0) * Did not receive allocated intervention (n = 0)
v A
Follow-Up
Completed follow-up (n = 0) Completed follow-up (n = 48)
« Did not complete follow-up (n = 0) * Did not complete follow-up (n =2)
- Withdrawal Consent (n = 2)

v

Analyzed (n = 48) [ Analysis ] Analyzed (n = 46)

* Excluded from analysis (n =2)
- Inclusion criteria violation (n = 1)
- SAE occurrence (n = 1)

Fig. 1. CONSORT diagram showing the study flow

Table 1. General characteristics of subjects

* Excluded from analysis (n = 4)

- Inclusion criteria violation (n = 1)
- Withdrawal Consent (n = 2)

- Taking a prohibited drug (n = 1)

) Experimental group Placebo group Total | 1

Variables (n = 50) (n = 50) (n = 100) p-value
Age (yrs) 48.4+7.3 49.4 + 6.0 48.9 = 6.7 0.467
Sex (M/F) 11/39 8/42 19/81 0.444
Weight (kg) 61.7 +£11.2 59.7 +9.4 60.7 £10.4 0.331
Height (cm) 1605 7.5 159.2 £ 6.7 159.8 = 7.1 0.347
Alcohol (n) 28 (56.0) 21 (42.0) 49 (49.0) 0.560
Smoker (n) 3 (6.0) 3 (6.0) 6 (6.0) 1.000
Values are presented as mean = SD or number (%).
1) Analyzed by Student's t test or Chi-square test or Fishers exact test
oL}, AHE 7 BARCR fofgt Aol ehiA] gkt MAHZT U XS
th URL 34 5 F50 WSS AFAE AFEe] B A7t 453 2E4F (37189, o9
29.2%, ZEAI RS 10.8% =2 UEY SAX SR Fofgt 2} e, Wuke)= Aot ol A baseline (0593 A 3o
ol Btk (p=0.027). 1 & A FE E, I, 125 F ¥isks A5 ATE Table 3ol AT
ZobE, 717, 71l 28, A, AR, AL TR, @t wuo] sk 43 ve A 7 AR
olF, Tt W HAAE S A F AT S = FRE Aole SlH

AR o Fofat Zoli BF 4 glalth
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Table 2. URI incidence rate of the study participants during the 12
weeks intervention period

Experimental  Placebo
Incident group group p-value"
(n = 48) (n=46)
Whether URI symptoms Yes 29 (60.4) 24 (52.2) 0.420
No 19 (39.6) 22 (47.8)
Rhinorthea Yes 17 (35.4) 20 (43.5) 0.424
No 31 (64.6) 26 (56.5)
Nasal congestion Yes 15 (31.3) 15 (32.6) 0.888
No 33 (68.7) 31 (67.4)
Sore throat Yes 18 (37.5) 14 (30.4) 0.470
No 30 (62.5) 32 (69.6)
Cough Yes 19 (39.6) 14 (30.4) 0.353
No 29 (60.4) 32 (69.6)
Sputum Yes 12 (25.0) 11 (23.9) 0.903
No 36 (75.0) 35 (76.1)
Dyspnea Yes 0 (0.00) 0 (0.00) -
No 48 (100.0) 46 (100.0)
Diarrhea Yes 3 (6.3) 0 (0.00) 0.242"
No 45 (93.7) 46 (100.0)
Nausea Yes 0 (0.00) 0 (0.00) -
No 48 (100.0) 46 (100)
Vomiting Yes 0 (0.00) 1(2.2 0.489%
No 48 (100.0) 45 (97.8)
Headache Yes 14 (29.2) 5 (10.8) 0.027
No 34 (70.8) 41 (89.2)
Myalgia Yes 8 (16.7) 6 (13.0) 0.622
No 40 (83.3) 40 (87.0)
Hoarseness Yes 13 (27.1) 13 (28.3) 0.899
No 35 (72.9) 33 (71.7)
Sneezing Yes 7 (14.6) 4(8.7) 0.348
No 41 (85.4) 42 (91.3)
Earache Yes 1(2.1) 0 (0.0) 1.000
No 47 (97.9) 46 (100)

Values are presented as number (%).
1) S, p-value by Chi-square test; ¥, p-value by Fisher's exact test

NK cell activity (Natural Killer cell 24, XjHASH
MZ &)t ™Y cytokines

2 AR At zho] M3 o] 125 9] NK
cell activity, IFN-y, IL-2 ¥ TgAo] W30 tfjslo] EAsH
A= Table 30]| A|AISFATE Al AIE ATl A AlF
AETh A3 125 & NK-cell activity H3H= 8.1+ 11.52
FrolFlom F7FskATE (p<0.001). 125 Fof A[EAF
A w2 EehAlES 3321179 Hl8) (p=0.063) 57}
Zo| AX F AFE 1 TAHOR Folgh Zpo|7t ek
o} (p=0.047). A7t o] 125 o] WX Hpo] E7Q]
A IFN-y2} IL-2 H3FES Al A A3t S2hA| R
T o B A7) sk dEFololA & o 1 A
Ao g2 O3k Apol= ket 4= Il E3F IgA o] W3t
= A3 1253 T AFAE AdFTolA 4.6+18.00] 57t
B How (p=0.085), ZTPAIEY] HS 2.6+
12.60] ZFaxslo] (p=0.236) F+ o+ I+ SAHC= Fogt
2olE EATh (p=0.036).
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AT+ g 7]17F §<F laboratory tests, electrocardiogrami}
vital signs (BP and pulse)® 7} A} QJAF#Alol|A] A
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Table 3. Parameters of each group at baseline (0 week) and affer 12 weeks intervention

Experimental group (n = 48)

Placebo group (n = 46)

. 0 . 7 p-value?
Baseline (0 wk) 12 wks p-value Baseline (0 wk) 12 wks p-value
Weight (kg) 61.7x11.2 62.1x11.0 0.236 59.7 £9.4 60.3 £9.0 0.900 0.560
SBP (mmHg) 119.5+13.3 121.0 £ 14.0 0.197 119.9 +11.7 119.7 £ 11.6 0.862 0.609
DBP (mmHQ) 798 +11.6 79.4+11.0 0.628 78.4 +10.5 77.5+9.8 0.387 0.721
Pulse (ppm) 72.7 +11.2 73.1 + 8.6 0.729 702 +7.9 73.0+9.8 0.011 0.128
NK cell activity 40.0 = 14.7 48.1 £16.7 0.001 44.7 = 14.1 48.0 = 14.2 0.063 0.047
IFN-y (pg/mL) 9.1x1.7 8.3+26 0.244 92x25 8.4 +28 0.105 0.989
IL-2 (pg/mL) 21.2 £ 6.9 20.4 = 3.6 0.451 21.3 +4.6 20.1 £2.4 0.158 0.797
IgA (pg/mL) 230.3 +83.1 234.9 =90.4 0.085 235.9 =83.3 233.7 £ 84.5 0.236 0.036

Data are presented as the mean = SD.

1) Analyzed by paired t-test between baseline and 12 weeks in each group
2) Analyzed by linear mixed-effect model and the p-value represents the comparison to the placebo group
SBP, Systolic blood pressure; DBP, Diastolic blood pressure; NK cell, Natural kiler cells; IFN-y, Inferferon gamma; IL-2, Interleukin 2; IgA,

Immunoglobulin A
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Table 4. Safety outcome measures between Experimental group and placebo group at baseline and after 12weeks infervention

Experimental group (n = 48)

Placebo group (n = 46)

- 0 - ) p-value?
Baseline (0 wk) 12 wks p-value Baseline (0 wk) 12 wks p-value
WBC (K/uL) 5.24 +1.23 4.79 =1.10 0.004 5.42 +1.45 490 +1.08 0.001 0.784
RBC (M/uL) 4.40 = 0.38 4.41 = 0.39 0.731 4.43 = 0.40 4.43 =0.41 0.770 0.983
Hemoglobin (g/dL) 13.61 +1.18 13.74 £1.21 0.072 13.58 = 1.39 13.72 = 1.39 0.063  0.906
Hematocrit (%) 40.34 £ 3.13 40.66 + 3.37 0.100 40.44 = 3.36 40.68 + 3.40 0290 0.790
Platelet (K/uL) 229.27 = 43.10 230.75 = 41.88 0.652 225.54 + 49.29 227.87 = 46.8 0.513 0.860
Na (mmol/L) 142.35 + 2.85 141.85 +2.76 0.346 141.65 += 2.29 143 = 3.28 0.016 0.016
K (mmol/L) 4.34 £0.34 4.34 +0.35 > 0.999 4.30 = 0.27 4,32 £0.32 0.723  0.806
Cl (mmol/L) 106.77 = 1.57 106.29 = 1.91 0.166 105.04 = 1.65 106.65 = 2.1 0.122 0.037
ALP (IU/L) 63.25 = 15.45 64.46 = 18.38 0.372 67.11 + 28.39 65.28 =16.13 0.603  0.419
GGT (IUL) 20.31 + 22.02 21.98 = 31.8 0.366 31.98 £53.72 26.76 + 26.76 0.450 0.336
AST (IUL) 21.42 + 419 23.75 £ 5.70 0.003 22.48 = 5.86 24.33 * 6.61 0.066  0.694
ALT (IUL) 19.02 + 7.82 22.19 £9.11 0.015 225 +11.49 24.11 £10.16 0.237  0.397
Total bilirubin (mg/dl) 0.93 £0.34 0.93 £0.26 0.897 0.88 +0.30 0.85 + 0.31 0595 0.776
Total protein (g/dL) 7.26 +0.28 7.38 +0.37 0.017 7.39 +0.40 7.39 +0.34 0919  0.082
Albumin (g/dL) 4.40 =0.17 4.45 =0.22 0.127 4.44 =0.21 4.45 +0.18 0.649  0.346
BUN (mg/dl) 13.42 + 3.02 14.48 + 4.50 0.070 13.28 = 3.42 13.76 = 3.34 0.305  0.431
Creatinine (mg/dL) 0.73 £0.14 0.72 £ 0.14 0.513 0.69 =0.17 0.70 £0.15 0.777 0.494
Uric acid (mg/dl) 4.58 = 1.41 4.81 +1.42 0.006 4.42 = 1.14 4,65 +1.28 0.027  0.995
Phosphorus (mg/dl) 3.46 = 0.39 3.41 £0.41 0.358 3.52 +0.44 3.47 £0.45 0.410 0.920
Total cholesterol (mg/dl)  189.69 = 23.77 200.71 = 32.5 0.012 186.28 + 29.54 194.52 = 34.11 0.024 0.613
Triglyceride (mg/dl) 114.25 = 126.66  102.31 = 53.66 0.387 112.13 = 60.85 115.48 + 66.59 0.617 0.318
Glucose (mg/dl) 82.81 = 6.14 925+11.48 < 0.0001 84.00 + 6.97 9237 +7.62  <0.0001 0.453
CK (mg/dl) 104.19 + 52.66 99.10 = 51.39 0.503 82.30 = 31.37 85.57 = 43.26 0.511 0.357

Data are presented as the mean + SD.
1) Analyzed by paired t-test between baseline and 12 weeks in each group
2) Analyzed by linear mixed-effect model and the p-value represents the comparison to the placebo group
CL, Chloride; ALP, Alkaline phosphatase; GGT, gamma-glutamyitransferase; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

CK, Creatine kinase

Table 5. Dietary infake of the study participants during the 12 weeks intervention period

Experimental group (n = 48)

Placebo group (n = 46)

- ) - ) p-value?
Baseline (0 wk) 12 wks p-value Baseline (0 wk) 12 wks p-value

Energy (kcal) 1,296.30 +£ 375.52 1,158.40 + 410.92 0.035 1,367.66 + 460.73 1,275.28 + 311.19 0.228 0.784
Carbohydrate (g) 21713 £75.11 184.85 + 69.88 0.005 225.35 + 83.22 221.86 = 73.77 0.770 0.983
Protein (Q) 46.38 = 18.96 43.79 £19.74 0.479 51.46 = 22.90 43.42 = 15.89 0.049 0.314
Lipids (g) 26.02 +12.70 26.41 =15 .59 0.901 29.61 +£12.70 25.69 +11.86 0.248 0.349
Fiber (g) 16.59 = 8.76 13.61 = 7.52 0.012 19.15 = 10.46 18.35 + 11.82 0.714 0.377
Vitamin C (mg) 63.04 + 38.05 77.25 £ 71.43 0.145 71.68 + 55.21 83.94 = 59.26 0.322 0.900
Iron (MQ) 10.19 = 6.01 9.04 + 4.56 0.261 16.38 + 26.63 10.25 + 4.90 0.127 0.227
Zinc (MQ) 6.71 =235 6.35 £2.76 0.454 7.75 = 4.08 6.62 232 0.091 0.342
Data are presented as the mean =+ SD.
1) Analyzed by paired t-test between baseline and 12 weeks in each group
2) Analyzed by linear mixed-effect model and the p-value represents the comparison to the placebo group
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