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Normal Salivary Cortisol and NK Cell Function in Adolescents With Chronic 
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Background: Chronic fatigue syndrome (CFS) is a complex condition involving severe fatigue and disabling musculoskeletal and 
cognitive symptoms. We reported that 6, 12 and 24 months following infectious mononucleosis (IM), 13%, 7% and 4% of adolescents, 
respectively, met criteria for CFS. Whether endocrinologic or immunologic dysfunction accompanies CFS is unclear.
Objectives: To determine if salivary cortisol levels or NK cell percentage and function 6, 12 and 24 months following IM in 
adolescents who met criteria for CFS and recovered, matched controls differ.
Patients and Methods: Nine adolescents with CFS and nine matched, recovered controls had morning and nighttime salivary 
cortisol as well as NK cell number and function measured blindly 6, 12 and 24 months following IM.
Results: Three subjects with CFS had a depressed morning salivary cortisol; one control subject had a single depressed nighttime 
cortisol. There was no difference in NK cell percentage or decreased function between cases and recovered controls.
Conclusions: We found little evidence of depressed salivary cortisol levels and no decreased NK cell function in adolescents with 
CFS following IM.

Keywords: Fatigue Syndrome, Chronic; Infectious Mononucleosis; Killer Cells, Natural; Hydrocortisone

Implication for health policy/practice/research/medical education:
We report prospectively collected data from our large clinical trial of chronic fatigue syndrome (CFS) following infectious mononucleosis (IM) in adolescents 24 
months following the diagnosis of IM. We did not find evidence for depressed cortisol or natural killer cell number or function in adolescents with CFS compared 
with recovered controls, despite this being reported in the literature. Our negative findings are particularly important because of the carefully controlled way our 
large study was performed. While our numbers may appear small, we began with > 300 subjects and followed those who developed CFS after IM for 2 years.
Copyright © 2014, Pediartric Infections Research Center. This is an open-access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Chronic fatigue syndrome (CFS) is a complex condi-

tion involving at least 6 months of severe fatigue and 
disabling musculoskeletal and cognitive symptoms (im-
pairment in short-term memory or concentration, head-
ache, tender lymphadenopathy, muscle or joint pain, un-
refreshed sleep and post-exertional malaise lasting > 24 
hours) without another explanation (1). Anywhere from 
about 25-90% of adolescent patients with CFS can identify 
a trigger, often an infection (2). Chronic fatigue accounts 
for marked functional impairment and educational dis-
ruption among adolescents (3, 4).

In adults, about 10% of individuals meet the criteria for 
CFS 6 months following infectious mononucleosis (IM) 
(5-7). We recently reported that 6, 12 and 24 months fol-
lowing infectious mononucleosis (IM), 13%, 7% and 4% of 
adolescents, respectively, met criteria for CFS (8). Previous 

reports from this cohort examined peak work capacity 
(9), orthostatic intolerance (10), activity level (11) auto-
nomic system complaints (12) and cytokines (13). The cur-
rent report concerns serial measurements of endocrino-
logic and immunologic function.

Whether hypothalamic-pituitary-adrenal (HPA) axis ab-
normalities or subtle immune deficits accompany CFS is 
controversial. The HPA axis is activated by stress, Addi-
son’s disease can cause a clinical picture similar to CFS, 
and HPA dysregulation may be seen with depression. Of 
all the immunological parameters studied in patients 
with CFS, NK cell abnormalities are the most consistently 
reported (14), but even here results are not completely 
consistent; in fact, sometimes even the same groups do 
not obtain exactly the same results in different studies 
(15, 16). At least 7 groups have reported decreased NK cell 
activity in at least half of the patients with CFS studied (15-
24). In 2 studies the severity of fatigue correlated with the 
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decreased NK cell activity (17, 20). In many of these stud-
ies, the percentage of NK cells was normal (16, 21-23). Two 
groups reported normal NK cell activity in patients with 
CFS (25, 26). Many of these studies used the older 1988 
Holmes definition (27) for CFS (15, 18-20, 25). One recent 
study reported longitudinal data (24), as did ours.

Salivary cortisol is a useful and reliable index of adreno-
cortical activity. Awakening is a mild stressor, and thus 
morning cortisol (which remains elevated for at least an 
hour) is an indicator of the responsiveness of the hypo-
thalamic pituitary axis that is not affected by age, sleep 
duration, time of awakening, use of an alarm clock, 
smoking, or the use of contraceptives. Finally, salivary 
cortisol collection avoids the possibly confounding stress 
of venipuncture (28).

Previous studies in adults have reported mixed results 
regarding CFS and salivary cortisol: Two studies showed 
no differences between patients with CFS and matched 
controls (29, 30). One study could not show a relation-
ship between fatigue following IM and salivary cortisol 
(31). Three studies showed decreased morning and/or 
evening salivary cortisol vs. controls (28, 32, 33). In 1 study 
this was true only in females in the morning (34). One 
study showed decreased morning but increased evening 
cortisol vs. controls (35).

2. Objectives
We studied salivary cortisol and NK cell number and 

function in nine subjects who retained a diagnosis of CFS 
6, 12 and 24 months following IM for whom samples were 
available, and matched controls.

3. Patients and Methods
Nine of 11 adolescents with CFS diagnosed 6, 12 and 24 

months following IM and 9 recovered controls matched 
for age, sex and Tanner stage had morning and nighttime 
salivary cortisol measured blindly at each time point. All 
subjects were instructed to obtain morning saliva within 
an hour of awakening at home, and the time the sample 
was obtained was recorded. Saliva was collected through 
passive drool into a test tube. The sample was then stored 
in the home freezer till pick up at which time it was put 
on ice, and stored in the study freezer until analysis. 
Laboratory workers were blinded to subject diagnosis. 
Cortisol was isolated with a solid phase extraction proto-
col using a Micromass Quattro Micro triple-quadrupole 
mass spectrometer equipped with a Z-spray ion source 
and a Waters 2795 Alliance HT HPLC system. The method 
was developed and validated in our hospital’s clinical 
mass spectrometry laboratory, similar to a previously 
described method (36). Normal ranges are as follows for 
postpubertal subjects and adults: at 8 AM 0.89-6.44 ng/
mL, at 4 PM 0.31-1.61 ng/mL and at 11 PM 0-0.82 ng/mL. As-
sessments (normal, low and high) regarding the salivary 

cortisol measurements were made by an experienced pe-
diatric endocrinologist blinded as to the clinical status of 
each patient, based on the time the sample was taken and 
its value.

These same nine adolescents with CFS 24 months follow-
ing IM and 9 matched, recovered controls also had blood 
drawn for NK cell quantitation and functional analysis 
that was performed blinded at 6, 12 and 24 months follow-
ing IM. NK cell quantification and function were ascer-
tained using flow cytometry with the %CD56+ cells for NK 
cell number, and K562 cells in 3 different dilutions (1:50, 
1:25 and 1:12.5) of patient lymphocytes; the percentage of 
killed K562 cells minus background was then calculated 
for NK cell function (37-39). Normal ranges are as follows: 
%CD56 = 2-12; % killing 50:1 = 10-40, 25:1 = 5-30, 12.5:1 = 3-20. 
NK cell percentage and function was compared between 
cases and controls with statistical analysis software (SAS) 
9.2 using least square means in the linear mixed model 
analysis. Matched analysis was also performed between 
case patients and his/her matched control.

This study was approved by the institutional review 
boards of both the Ann and Robert H Lurie Children’s 
Hospital of Chicago (formerly Children’s Memorial Hos-
pital) and the University of Illinois at Chicago.

4. Results
We studied a population of patients with CFS following 

IM and matched, recovered controls. Briefly, 301 adoles-
cents from the greater Chicago area with monospot+ IM 
were enrolled. Six months later 286 (95%) completed a 
telephone screening interview. Seventy (24%) were con-
sidered not fully recovered. Fifty-three of the 70 (76%) 
were clinically evaluated. Thirty-nine (13% of the 301) met 
the Fukuda criteria for CFS 6 months after IM, 22 (7%) at 
12 months and 13 (4%) at 24 months, as determined by an 
expert panel; 11 of the latter 13 were diagnosed with CFS at 
all 3 time points. Fifty recovered adolescents willing to be 
clinically evaluated and followed for 18 months served as 
controls (8).

All patients with CFS and recovered controls were at 
least Tanner stage 4. There were 46 evaluable salivary 
cortisol levels in the patients with CFS and 49 in the re-
covered controls. There were only 3 depressed morning 
salivary cortisols among the patients with CFS (and 6 el-
evated cortisols, 4 of which were nighttime). Among the 
recovered controls there was a single depressed night-
time cortisol (and 7 elevated cortisols, 3 of which were 
nighttime) (Tables 1 and 2). There was also no difference 
in the average morning and evening salivary cortisol at 
any time point between subjects with CFS and recovered 
controls (data not shown). 

There were 27 NK cell quantitation and functional analy-
sis data points for the CFS patients and 25 for the controls. 
There was no difference in NK cell percentages between
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Table 1. Salivary Cortisols 6, 12 and 24 Months Following IM in Subjects With CFS

Case Patientsa           6 Months           12 Months           24 Months

AM PM AM PM AM PM

37 Normalb Normal Normal --- Normal High

116 High Normal --- --- Normal Normal

161 Normal Normal Normal Normal --- High

223 Normal Normal Normal Normal Normal High

228 Normal Normal Low Normal Normal Normal

240 --- --- Normal Normal Normal Normal

242 Normal Normal Low High Normal Normal

277 Low High Normal Normal Normal Normal

295 --- --- Normal Normal Normal Normal
a The first column represents their unique ID study numbers.
b Normal ranges are as follows for postpubertal subjects and adults: at 8 AM 0.89-6.44 ng/mL, at 4 PM 0.31-1.61 ng/mL and at 11 PM 0-0.82 ng/mL.

Table 2. Salivary Cortisols 6, 12 and 24 Months Following IM in Recovered Controls

Case Patientsa           6 Months           12 Months           24 Months

AM PM AM PM AM PM

42 Normalb High Normal Normal Normal High

91 --- Normal Normal Normal Normal Normal

380 Normal High Normal Normal Normal High

301 High Normal Normal Normal Normal Normal

414 Normal Normal High Normal Normal Normal

382 --- --- Normal High Normal Normal

152 Normal --- High --- Normal Normal

402 Normal Normal High Normal Normal Normal

391 Normal Low Normal Normal Normal Normal
a The first column represents their unique ID study numbers.
b Normal ranges are as follows for postpubertal subjects and adults: at 8 AM 0.89-6.44 ng/mL, at 4 PM 0.31-1.61 ng/mL and at 11 PM 0-0.82 ng/mL.

cases and recovered controls at any of the 3 time points 
examined (Table 3). NK function was significantly higher 
in case patients with CFS 6 months following IM than in 
recovered controls at 6, 12 or 24 months (P = 0.02; Table 4). 
Matched analysis yielded similar results (data not shown).

5. Discussion
We found no evidence of consistently depressed sali-

vary cortisol levels in adolescents with CFS following IM 
compared with recovered controls. While we cannot rule 
out depressed salivary cortisol as an uncommon cause of 
CFS, it cannot be the only cause, and does not persist de-
spite the persistence of symptoms. These data are consis-
tent with clinical trials demonstrating little if any benefit 
from cortisol replacement therapy in CFS (40-45) as well 
as our previous data regarding salivary cortisol during 
exercise (9).

Unlike many previous studies, we did not find decreased 
NK cell function in our prospective cohort of adoles-
cents with CFS defined by the Fukuda criteria following 
IM when cases were compared with recovered controls; 
in fact, NK function was significantly higher in case pa-
tients with CFS 6 months following IM than in recovered 
controls, for unclear reasons. A recent longitudinal study 
in adults did for the most part show decreased NK cell

Table 3. Median NK Cell Percentage in Case Patients and Recov-
ered Controls 6, 12 and 24 Months Following IMa

Cases Controls P Value

6 Months 4.1 (n = 9) 4.7 (n = 8) 0.3417

12 Months 5.8 (n = 9) 8.18 (n = 8) 0.8833

24 Months 5.5 (n = 9) 7.8 (n = 9) 0.9728
a Normal range for %CD56 = 2-12.
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Table 4. Median NK Cell Function in Case Patients and Recovered Controls 6, 12 and 24 Months Following IMa

Time Point Dilution CFS Cases, No. (%) Controls, No. (%) P Value

6 Months

50:1 22.8 (n = 9) 14.3 (n = 8) 0.0011

25:1 14.2 (n = 9) 8.3 (n = 8) 0.0011

12.5:1 10.9 (n = 9) 3.6 (n = 8) 0.0011

12 Months

50:1 12.8 (n = 9) 17.5 (n = 8) 0.0801

25:1 6.9 (n = 9) 10 (n = 8) 0.0801

12.5:1 3.4 (n = 9) 6.0 (n = 8) 0.0801

24 Months

50:1 18.1 (n = 9) 16.6 (n = 9) 0.7749

25:1 10.7 (n = 9) 10.2 (n = 9) 0.7749

12.5:1 6.2 (n = 9) 5.6 (n = 9) 0.7749
a Normal range for % killing at each dilution are as follows: 50:1 = 10-40, 25:1 = 5-30, 12.5:1 = 3-20.

activity over time in subjects with CFS (24). Besides the 
fact that we studied adolescents following a uniform, 
known trigger (IM), the control groups in the 2 studies 
also differed, perhaps explaining the differing results; we 
used recovered controls, while Brenu et al. (24) utilized 
healthy controls.

One limitation of our study is the fact that we have a 
relatively small number of subjects and matched con-
trols. However, that is because of the study’s prospective 
design, beginning with > 300 adolescents. A much larger 
prospective study would be necessary to obtain a much 
larger sample than was available to us. Nevertheless, the 
availability of adolescents with persistent complaints di-
agnosed as CFS up to 24 months following IM is a valuable 
resource. The fact that we found higher NK function at 6 
months among case patients  makes it extremely unlikely 
that adolescents with CFS following IM actually have de-
pressed immune function.

Many of the previous reports from this CFS cohort con-
centrated on differences between those adolescents who 
developed CFS 6 months following IM and recovered con-
trols; for example, we saw no differences in peak work ca-
pacity or orthostatic intolerance 6 months following IM 
between cases and recovered controls (9, 10). In the cur-
rent study, we studied adolescents who maintained the 
diagnosis of CFS at all 3 evaluated time points (6, 12 and 
24 months following IM), and we did not see differences 
in NK cell percentage or function nor in AM or PM salivary 
cortisol levels 6, 12 or 24 months following IM between 
case patients and recovered controls, which contrasts 
with the significant differences we observed when exam-
ining activity level (11) autonomic system complaints (12) 
and a network of cytokines (13); whether these latter find-
ings  are causes or effects of CFS is unknown. We are plan-

ning a prospective study of university students to resolve 
some of these issues.
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