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Abstract

Background: About 10% of individuals who contract infectious 
mononucleosis (IM) have symptoms 6 months later that meet criteria for 
myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS).  Our study for 
the first time examined whether it is possible to predict who will develop ME/
CFS following IM.

Methods: We have reported on a prospectively recruited cohort of 4,501 
college students, of which 238 (5.3%) developed IM.  Those who developed 
IM were followed-up at six months to determine whether they recovered or 
met criteria for ME/CFS. The present study focuses on 48 students who after 
six months had a diagnosis of ME/CFS, and a matched control group of 58 
students who had no further symptoms after their IM. All of these 106 students  
had data at baseline (at least 6 weeks prior to the development of IM), when 
experiencing IM, and 6 months following IM. Of those who did not recover from 
IM, there were two groups: 30 were classified as ME/CFS and 18 were classified 
as severe ME/CFS. We measured the results of 7 questionnaires, physical 
examination findings, the severity of mononucleosis and cytokine analyses at 
baseline (pre-illness) and at the time of IM.  We examined predictors (e.g., pre-
illness variables as well as variables at onset of IM) of  those who developed 
ME/CFS and severe ME/CFS following IM. 

Results: From analyses using receiver operating characteristic statistics, 
the students who had had severe gastrointestinal symptoms of stomach pain, 
bloating, and an irritable bowel at baseline  and who also had abnormally low 
levels of the immune markers IL-13 and/or IL-5 at baseline, as well as severe 
gastrointestinal symptoms when then contracted IM,  were found to have a 
nearly 80% chance of having severe ME/CFS persisting six months following IM.  

Conclusions: Our findings are consistent with emerging literature that 
gastrointestinal distress and autonomic symptoms, along with several immune 
markers, may be implicated in the development of severe ME/CFS.

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/
CFS) is a debilitating illness affecting over a million people in the 
US1.  Six months after having had Infectious Mononucleosis (IM), 
about 9-12% of individuals are diagnosed with this syndrome.   
For example, Hickie et al.2 showed an 11% rate of ME/CFS six 
months following acute infection with Epstein-Barr virus as well as 
following two other similar systemic infections. Katz et al.3 found 
similar outcomes following IM in youth. 

In a recent prospective, longitudinal study, university students 
were assessed prior to IM, at the time of IM, and at a six-month 
follow-up.  Those who developed severe ME/CFS had differences in 
several pre-illness domains compared to those who recovered from 
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IM without further symptoms4. In addition, Katz et al.5 
found that the severity of IM was predictive of severe ME/
CFS 6 months following IM. We have used these baseline 
pre-illness behavioral and immune data along with severity 
of IM data to predict who will develop severe ME/CFS six 
months following IM.

Methods

Participants, Setting, and Procedures

Jason et al. (2021)4 provide demographic characteristics 
and details of the 4,501 Northwestern University 
students who were enrolled in our previously reported 
prospective, longitudinal study. The students were 
consented, completed seven questionnaires including 
the DePaul Symptom Questionnaire (DSQ, a self-report 
measure of ME/CFS symptomatology6) and the MOS 36-
item Short-Form Health Survey7 and had blood samples 
taken. Students’ IM was diagnosed and tracked by the 
Northwestern University Health Service and other medical 
providers.  IM was defined as a positive monospot or specific 
Epstein-Barr virus serologies (a positive viral capsid 
antigen [VCA] IgM or a positive VCA IgG with a negative 
EB nuclear antigen antibody) in the appropriate clinical 
setting.  Those who developed IM at least six weeks after 
enrollment again provided online consent, completed the 
same questionnaires as during the baseline phase, and had 
blood samples taken.  Five months after the IM diagnosis, 
students deemed not recovered and an approximately 
equal number deemed recovered via a phone screen 
were invited to participate in a six-month assessment; 
these participants completed the same measures again, 
and in addition underwent a comprehensive medical 
examination. Institutional Review Board approval was 
obtained.  Our present study focused on 48 students who, 6 
months following IM, still had symptoms of ME/CFS, and a 
matched control group of 58 who had no further symptoms 
after their IM. Therefore, our current study involved 106 
students, and these students had data at baseline, data 
from when they had IM, and data 6 months following IM.  

ME/CFS Diagnosis 
Participants’ six-month medical examination, and the 

results from their DePaul Symptom Questionnaire6 and 
MOS 36-item Short-Form Health Survey7 were used in the 
diagnosis of ME/CFS. While there are multiple ME/CFS case 
definitions8-11, we selected three major ones including the 
Fukuda et al. criteria8, the Canadian Consensus criteria9 and 
the Institute of Medicine criteria11. A number of studies12-14 

have found that the Fukuda et al. criteria are broader and 
identify a larger group of patients, with less severity, than 
those identified by the Canadian Consensus or Institute of 
Medicine criteria. Therefore, participants who primarily 
only met the Fukuda et al.8 criteria were defined as having 

ME/CFS.   Those who met more than one case definition 
(i.e., the Fukuda and either the Canadian and/or Institute of 
Medicine criteria) were defined as having severe ME/CFS. 
Those who met more than one case definition also scored 
worse on the DSQ than those who met only a single case 
definition for ME/CFS six months following IM. Those who 
recovered were labeled controls. For participants with data 
at all stages of the study, 30 were classified as ME/CFS, 18 
were classified as severe ME/CFS, and 58 were classified 
as controls. 

Severity of Mononucleosis
Katz et al.5 used a validated severity of mononucleosis 

scale to categorize the students who developed IM. The 
scale was based on the literature and each severity item 
was assigned a score of 1.  The gastrointestinal (GI) 
symptoms that were part of this questionnaire included 
anorexia, nausea and vomiting; these symptoms were the 
main drivers of mononucleosis severity and were thus 
examined in more detail in the current study.  

Cytokines
 For cytokine analysis, stored plasma was used.  The 

following cytokines were evaluated using a multiple 
analyte platform and commercially customized kits from 
Millipore (Billerica, MA): IL1α, IL1β, IL2, IL4, IL5, IL6, IL8, 
IL10, IL12(p70), IL13, IL15, IL17α, IL23, IFN-γ, TNF-α and 
TNF-β.  Each plasma sample was run in duplicate.

Statistical analysis
Receiver Operating Characteristic (ROC) statistics 

were calculated using combination predictor variables to 
designate severe ME/CFS outcomes. When we tried to use 
the statistical methods to predict the development of ME/
CFS following IM, the results were not significant, so in our 
analyses reported below, we focused on the severe ME/CFS 
group. Our first ROC analysis took the significant variables 
from prior studies, including the Total DSQ, three immune 
markers (IL-5, IL-6, and IL-13) found to differ between 
controls and those with severe ME/CFS at baseline4 and 
the score on the severity of mononucleosis scale (0, 1 or > 
1, the latter of which was predictive of the development of 
severe ME/CFS 6 months later5).

Our second ROC analysis first identified specific 
features by using random forest analyses15 from the 
random forest R packages (https://cran.r-project.org/
web/packages/randomForest/randomForest.pdf). The 54 
items from the DePaul Symptom Questionnaire and the 16 
cytokines were standardized and centered. Two random 
forest classification analyses were conducted to separate 
patients with severe ME/CFS from controls: one with just 
the clinical DSQ items, and one with just the cytokines. 
The DSQ items with the largest decrease in gini impurity 

https://cran.r-project.org/web/packages/randomForest/randomForest.pdf
https://cran.r-project.org/web/packages/randomForest/randomForest.pdf
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(a metric assessing the accuracy of a single feature) were 
summed to create a clinical metric, while the cytokines 
with the largest decrease in gini impurity were combined 
to create a metric for the cytokines. Stomach pain, bloating, 
and irritable bowel were the three-baseline clinical DSQ 
features found to be the most predictive, while decreased 
levels of IL-5 and IL-13 were the two baseline immune 
cytokines found to be the most predictive4. Therefore, these 
baseline features were included as predictive features. As 
the selected features were all gastrointestinal in nature, as 
were the severe symptoms at the time of mononucleosis 
from the severity of mononucleosis scale5, the latter were 
also selected as a predictor. An index was then created 
using the selected features, yielding a 0-24 scale for the 
three baseline DSQ items as follows: the frequency and 
severity of bloating (both rated on a scale of 0-4), the 
frequency and severity of stomach pain (both rated on a 
scale of 0-4), and the frequency and severity of symptoms 
of an irritable bowel (e.g., gas or changes in stool [i.e., 
diarrhea or constipation], both rated on a scale of 0-4). 
The gastrointestinal DSQ symptoms were standardized, 
centered to 0, and summed to create the clinical metric. 
Whether the participant also experienced severe 
gastrointestinal symptoms when they had mononucleosis 
was rated as a binary outcome (1=absent, 2=present); the 
clinical metric score was then multiplied by this outcome, so 
that if the participant experienced severe gastrointestinal 
symptoms at the time of mononucleosis, the clinical metric 
was doubled. Finally, the immune metric was subtracted 
from the clinical metric due to the inverse relationship 
between these anti-inflammatory cytokines and severe 
ME/CFS4,16, to arrive at the final index.

Results
The first ROC analysis data, which used baseline DSQ 

total data, the three immune markers and the Severity of 
Mononucleosis Scores at the time of IM, yielded an AUC = 
.676 (p =.025; SE = .084, 95% CI [.511, .842]).  A score of 
-0.25 would have a sensitivity of 0.722 and a 1-specificity 
of 0.47, which are inadequate for prediction purposes. We 
therefore next examined specific features of our second 
ROC analysis, which is displayed in Figure 1.  The index 
included six variables: the three baseline DSQ items that 
differentiated the groups (stomach pain, bloating, and 
symptoms of an irritable bowel), the two baseline cytokines 
(IL-13 and/or IL-5) that were decreased, and whether 
or not the patient experienced severe gastrointestinal 
symptoms at the time they contracted mononucleosis.  The 
AUC for this second ROC analysis was .795 (p < .01; SE = 
.064, 95% CI [.669, .921]). A score of 2.08 had a sensitivity 
of .778 and a 1 - specificity of .211 for predicting severe 
ME/CFS. This indicates that patients with stomach pain, 
bloating, and symptoms of an irritable bowel at baseline, 
severe gastrointestinal symptoms when they contracted 

mononucleosis, and low levels of IL-13 and/or IL-5 at 
baseline had nearly an 80% chance of developing severe 
ME/CFS six months following IM.

Discussion
The current study indicated that it is possible to use 

pre-illness and illness variables to predict the occurrence 
of severe ME/CFS following IM. We showed that those who 
develop severe ME/CFS 6 months following IM had more 
baseline gastrointestinal symptoms and abnormal immune 
markers and had worse gastrointestinal symptoms at the 
time they developed IM.  These signs and symptoms at 
baseline and at the time of IM thus appear to predict the 
development of severe ME/CFS 6 months following IM and 
allowed us to develop a model that, if validated in a different 
population, might be generally useful in predicting the 
development of severe ME/CFS.    

Our study also shows the importance of gastrointestinal 
symptoms for the development of severe ME/CFS.  It is 
of interest that the original Fukuda et al.8 case definition 
did not include gastrointestinal or autonomic symptoms 
among those that qualify for a diagnosis of ME/CFS. 
Gastrointestinal symptoms such as nausea, bloating and 
vomiting may be linked to autonomic dysfunction.  Our 
findings are also thus consistent with emerging literature 
that gastrointestinal distress and autonomic symptoms 
should be considered important symptom categories for 
ME/CFS17-19; similarly, Jason et al.20 and Katz et al.21 found 
that days spent in bed since infectious mononucleosis, 

Figure 1. ROC Curve Predicting Severe ME/CFS from 6 Marker 
Variables1,2

1Comparing 18 students classified with severe ME/CFS versus 58 
classified as controls.
2Predictor variables: At baseline, low levels of IL-13 and/or IL-5 and 
stomach pain, bloating, and symptoms of an irritable bowel; at the 
time of IM, severe gastrointestinal symptoms.
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along with autonomic dysfunction two months after the 
diagnosis, were associated with postinfectious ME/CFS at 
six months. In addition, IL-13 and IL-5 were implicated 
as risk factors for the development of severe ME/CFS 
following IM, and there is evidence in human and mouse 
models that IL-5 and IL-13 contribute to the pathology 
associated with ulcerative colitis22,23; IL-13 is thought 
to play a key role in the pathophysiology of ulcerative 
colitis and fistulizing Crohn’s disease, and IL-13 blockade 
is a promising therapeutic strategy for these diseases24.  
However, it should be noted that in patients with Crohn’s 
disease, there is an overproduction of IL-13 whereas in the 
subjects with severe ME/CFS in the present study the IL-13 
is lowered. 

Our study has a number of limitations, including a 
relatively small sample size for the severe ME/CFS group.  
In addition, the sample consists of college students, so it 
is unknown if the findings will generalize to other adult 
samples. Third, the model was only predictive of severe ME/
CFS.  Finally, it is not known whether the gastrointestinal 
distress during IM contributes to the subsequent symptoms 
of ME/CFS, or whether the gastrointestinal distress itself is 
caused by some other factor. The gastrointestinal distress 
at baseline and during IM may be indicative of dysbiosis of 
the gut microbiota, which has been shown to contribute to 
other chronic inflammatory conditions25-27.

It would be instructive to determine if these same 
predictors identified those predisposed to severe 
COVID-19 and/or “long-haul” COVID as well.  Youth 
infected with SARS-CoV-2 do report more symptoms than 
controls at follow up28, and in a recent study dealing with 
recovery from COVID, reactivation of latent EBV and SARS-
CoV-2 RNAemia were predictors of post-acute sequelae 
of covid-19 (PASC), and those reporting gastrointestinal 
PASC, SARS-CoV-2-specific and CMV-specific CD8+ T cells 
exhibited unique dynamics29.

We had previously found that those who developed 
ME/CFS following IM did not have any significant baseline 
differences in stress, coping, anxiety, or depression, but 
before IM they had several cytokine markers that were 
significantly different from those who did not develop 
ME/CFS following IM4. We concluded that deficiencies 
in the production of these cytokines prior to contracting 
IM may influence immune response and cause immune 
dysregulation once the virus is contracted. The current 
study for the first time attempted to predict onset of ME/
CFS using pre-illness and illness data. If validated, these 
predictors of risk could significantly alter the therapeutic 
strategies in IM and other triggers of ME/CFS in adults 
and adolescents. In addition, our work may lead to a 
reappraisal of the ME/CFS diagnostic criteria to include 
objective gastrointestinal and/or autonomic criteria for 
diagnosis.  

Funding
Research reported in this publication was supported 

by the National Institute of Neurological Disorders and 
Stroke and the National Institute of Allergy and Infectious 
Diseases of the National Institutes of Health under Award 
Numbers R01NS111105 and R01AI10578. The content 
is solely the responsibility of the authors and does not 
necessarily represent the official views of the National 
Institutes of Health.

Acknowledgements
We thank the Comprehensive Metabolic Core of 

Northwestern University for excellent technical assistance.

Conflicts of Interest
There are no conflicts of interest.

References
1. Jason LA, Mirin AA. Updating the National Academy of Medicine ME/

CFS prevalence and economic impact figures to account for population 
growth and inflation. Fatigue: Biomed Health Beh. 2021; 9(1): 9-13. 
https://doi.org/10.1080/21641846.2021.1878716

2. Hickie I, Davenport T, Wakefield D, et al. Post-infective and chronic 
fatigue syndromes precipitated by viral and non-viral pathogens: 
prospective cohort study.  BMJ. 2006; 333(7568): 575-580. 

3. Katz BZ, Shiraishi Y, Mears CG, Binns HJ, Taylor R. Chronic fatigue 
syndrome after infectious mononucleosis in adolescents. Pediatrics 
2009; 124(1): 189-193.

4. Jason LA, Cotler J, Islam MF, Sunnquist M, Katz BZ. Risks for developing 
ME/CFS in college students following Infectious Mononucleosis: 
A prospective cohort study. Clin Infect Dis 2021; 73(11): e3740–
e3746,  https://doi.org/10.1093/cid/ciaa1886.

5. Katz BZ, Reuter C, Lupovitch Y, et al. A validated scale for assessing the 
severity of acute Infectious Mononucleosis. J Pediatr. 2019; 209: 130-
133.

6. Jason LA, Sunnquist M. The development of the DePaul Symptom 
Questionnaire: Original, brief, and pediatric versions. Front Pediatr. 
2018; 6: 330.

7. McHorney CA, Ware JE, Lu RL, Sherbourne D. The MOS 36-item 
Short-Form Health Survey (SF-36): III. Tests of data quality, scaling 
assumptions, and reliability across diverse patient groups. Med Care. 
1994; 32(1): 40–66.

8. Fukuda K, Straus SE, Hickie I, Sharpe MC, Dobbins JG, et al. The 
chronic fatigue syndrome: a comprehensive approach to its definition 
and study. Ann Intern Med. 1994; 121: 953-959. 

9. Carruthers BM, Jain AK, de Meirleir KL, Peterson DL, Klimas NG, et 
al. Myalgic encephalomyelitis/chronic fatigue syndrome: clinical 
working case definition, diagnostic and treatment protocols. J Chronic 
Fatigue Syndrome. 2003; 11(1): 7-115. 

10. Carruthers BM, van de Sande MI, De Meirleir KL, et al. Myalgic 
encephalomyelitis: International consensus criteria. J Intern Med. 
2011; 270(4): 327-338. 

11. IOM (Institute of Medicine). Beyond myalgic encephalomyelitis/
chronic fatigue syndrome: Redefining an illness. Washington (DC): The 
National Academies; 2015.

12. Jason LA, Sunnquist M, Brown A, McManimen S, Furst J. Reflections 
on the Institute of Medicine’s Systemic Exertion Intolerance Disease. 
Polish Archives Intern Med. 2015; 125: 576-581. PMCID: PMC4826027

https://doi.org/10.1080/21641846.2021.1878716
https://doi.org/10.1093/cid/ciaa1886


Jason LA, Cotler J, Islam MF, Furst J, Katz BZ. Predictors for Developing Severe Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome following Infectious Mononucleosis. J 
Rehab Therapy.2022;4(1):1-5

Journal of Rehabilitation Therapy

Page 5 of 5

13. McManimen SL, Jason LA, Williams YJ. Variability in symptoms 
complicates utility of case definitions. Fatigue: Biomed Health Beh. 
2015; 3:164-172. PMCID: PMC4831632

14. Jason LA, Fox PA, Gleason KD. The importance of a research 
case definition Fatigue: Biomed Health Beh. 2018; 6: 52-58. doi: 
10.1080/21641846.2018.1389336

15. Liaw A, Wiener M. Classification and Regression by random Forest. R 
News. 2002; 2(3), 18-22.

16. Jason LA, Cotler J, Islam MF, Furst J, Sorenson M, et al. Cytokine 
networks analysis uncovers further differences between those who 
develop Myalgic Encephalomyelitis/Chronic Fatigue Syndrome 
following Infectious Mononucleosis. Fatigue: Biomed, Health  Beh. 
2021; 9(1): 45-57. doi: 10.1080/21641846.2021.1915131 

17. Conroy KE, Islam MF, Jason LA. Factor Analyses of Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome symptomatology in an 
international population 2022. [Manuscript submitted for publication].

18. Nagy-Szakal D, Williams BL, Mishra N, et al. Fecal metagenomics 
profiles in subgroups of patients with myalgic encephalomyelitis/
chronic fatigue syndrome. Microbiome 2017; 5: 44. 

19. Germain A, Barupal DK, Levine SM, Hanson MR. Comprehensive 
circulatory metabolomics in ME/CFS reveals disrupted metabolism of 
acyl lipids and steroids. Metabolites. 2020; 10(5): 216. 

20. Jason LA, Katz BZ, Shiraishi Y, Mears CJ, Im Y, et al. Predictors of post-
infectious chronic fatigue syndrome in adolescents. Health Psychol 
Behav Med. 2014; 2(1): 41-51. 

21. Katz BZ, Stewart JM, Shiraishi Y, Mears CJ, Taylor R. Autonomic 
symptoms at baseline and following infectious mononucleosis in 
a prospective cohort of adolescents. Arch Pediatr Adol Med. 2011; 
165(8): 765-766. 

22. Hoving JC. Targeting IL-13 as a host-directed therapy against 
ulcerative colitis. Front Cell Infect Microbiol. 2018; 8: 395.

23. Akiho H, Ihara E, Motomura Y, Nakamura K. Cytokine-induced 
alterations of gastrointestinal motility in gastrointestinal 
disorders. World J Gastrointest Pathophysiol. 2011; 2(5): 72-81.

24. Jovani M, Fiorino G, Danese S.  Anti-IL-13 in inflammatory bowel 
disease: from bench to the bedside.  Curr Drug Targets. 2013; 
14(12):1444-52.  Doi: 10.2174/13894501113149990170.   

25. Zhang S, Chen DC. Facing a new challenge: the adverse effects 
of antibiotics on gut microbiota and host immunity. Chin Med 
J (Engl). 2019 May 20; 132(10): 1135-1138. doi: 10.1097/
CM9.0000000000000245.

26. Den H, Dong X, Chen M, Zou Z. Efficacy of probiotics on cognition, 
and biomarkers of inflammation and oxidative stress in adults with 
Alzheimer’s disease or mild cognitive impairment - a meta-analysis of 
randomized controlled trials. Aging (Albany NY). 2020 Feb 15; 12(4): 
4010-4039. doi: 10.18632/aging.102810. 

27. Shokryazdan P, Faseleh Jahromi M, Navidshad B, Liang JB. Effects 
of prebiotics on immune system and cytokine expression. Med 
Microbiol Immunol. 2017 Feb; 206(1): 1-9. doi: 10.1007/s00430-
016-0481-y

28. Borch L, Holm M, Knudsen M, Ellermann-Eriksen S, Hagstroem 
S.  Long COVID symptoms and duration in SARS-CoV-2 positive 
children— a nationwide cohort study. European Journal of Pediatrics. 
2021. https://doi.org/10.1007/s00431-021-04345-z

29. Su Y, Yuan D, Chen DG, Ng RH, Wang K, et al. Multiple Early Factors 
Anticipate Post-Acute COVID-19 Sequelae. Cell. 2022, doi: https://doi.
org/10.1016/j.cell.2022.01.014

https://doi.org/10.1007/s00431-021-04345-z
https://doi.org/10.1016/j.cell.2022.01.014
https://doi.org/10.1016/j.cell.2022.01.014

	Title
	Correspondence
	Abstract
	Methods
	Participants, Setting, and Procedures
	ME/CFS Diagnosis 
	Severity of Mononucleosis
	Cytokines
	Statistical analysis

	Results
	Discussion
	Funding
	Acknowledgements
	Conflicts of Interest
	Figure 1
	References 

