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1. Abstract  
 
The outbreak of disease from SARS-CoV-2, COVID-1, highlights a need for more proactive and predictive 
models for medical diagnostics and care delivery since immunocompromised individuals are subject to 
extraordinarily high morbidity and mortality. Those with pre-existing chronic conditions are most likely 
to present with severe symptoms and die at high rates compared to healthy individuals. However, 
subjective diagnoses and usual biomarkers do not explain the underlying causal etiologies. Described 
here is a physiological risk stratification tool, based on cytokine-related biomarkers, that are elevated in 
sepsis, COVID-19, and also in many chronic diseases. Tools of this nature are necessary to better stratify 
the future health risk of those with subjective diagnoses or pre-existing conditions and to enhance the 
characterization of “immunocompromised.” It is also an important method to identify the “apparently 
well” who are without a diagnosis but suffer from insidious chronic disease or have uncovered risks. The 
information provided by this approach is also likely to explain COVID-19 fatalities in people without pre-
existing conditions. Finally, we have coupled this objective risk tool to a detailed, subjective life risk 
assessment calculator. We report here the results from a cohort of 240 subjects who made changes in 
subjective measures of health, through health coaching, who showed concomitant changes in objective 
health, measured through improvement in a multi-biomarker physiological risk score. We also report 
reversal of serious chronic conditions as a result of this interactive risk mitigation program. We posit 
that this elegant, yet inexpensive and scalable model of healthcare delivery affords the opportunity to 
mitigate COVID-19, future pandemics, and chronic diseases by reversing underlying causes of chronic 
diseases that contribute to adverse health outcomes. 
 
Introduction: 
 
The current pandemic illustrates the vulnerability of our populations to virulent acute infectious 
diseases. Historically, pandemics have caused major disruptions to normal society. This current 
pandemic is no exception. And, the outlook for outcomes from future pandemics appear to be no 
different unless we identify and rectify underlying etiologies associated with infectious pandemic 
vulnerabilities. The medical community and “big data” have offered little in terms of solutions for 
individuals. Masks and social distancing offer a false sense of protection. Areas where mask usage was 
mandated showed a meager 2% reduction in cases [1]. The 2019-2020 influenza vaccine has been 45% 
effective overall in the United States this season and 55% effective in children, according to preliminary 
estimates [2]. Pinning hopes on a SARS-CoV-2 vaccine, thus may disappoint. However, healthy people die 
at approximately 1/12th the rate – at 95% reduction – compared to unhealthy people with diagnosed 
cardiovascular disease [3].  
 
We have learned that the current standard of care data is not providing adequate information about 
severe disease causation. For example, measurement of lipids risk based on usual care guidelines is not 
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useful in predicting COVID risk, as development of hypolipidemia is observed in COVID patients with 
mild symptoms. The degree of hypolipidemia progressively becomes worse in an association with the 
disease severity [4]. However, robust testing across the globe is revealing a pattern of pre-existing 
physiological risk that, when attenuated before, during, or after a pandemic, may reduce its impact on 
society [5]. 
 
Acute Respiratory Distress Syndrome (ARDS) and multiorgan dysfunction are among the leading causes 
of death in critically ill patients with COVID-19 [6]. Elevated inflammatory cytokines, noted in COVID-19 
cases, suggest that cytokine or bradykinin storm syndrome (CSS or BKS), may play a major role in the 
etiology of COVID-19. Thus, innate immune defenses play a primary defensive role against the virus. 
Seasonal flu impacts vulnerable populations on both sides of the age spectrum implying that adaptive 
immunity status is an important aspect of host defense in that disease. However, in COVID-19, that 
young people are spared suggests that innate immunity is more important in protecting people from 
adverse symptoms or death in COVID-19 compared to the flu. Further, the flu vaccine was reported by 
the CDC to be only 45% effective this year, a response level inadequate to mitigate a pandemic. The 
most vulnerable to mortality from COVID-19, including immunocompromised individuals and those with 
preexisting disease diagnoses, present with elevated cytokines at baseline. A measure of the innate 
immune response, and the pre-existing burden of cytokines likely contributes to adverse outcomes [7]. 
 
CSS and BKS are not necessarily mutually exclusive. A common denominator is a group of disorders 
representing a variety of inflammatory etiologies with the final common result of overwhelming 
systemic inflammation, hemodynamic instability, multiple organ dysfunction, and potentially death. This 
clinical constellation is caused by the generation of extreme amounts of inflammatory mediators 
resulting from unchecked innate immune activation and amplification against a rapidly proliferating 
infectious or non-infectious antigen. Susceptibility to COVID-19, in these instances, is subjectively 
defined as “immunocompromised” status or being afflicted with preexisting chronic diseases.  
 
Newly emerging and re-emerging viral threats have continued to challenge medical and public health 
systems that apply last-stage interventions resulting in exorbitant multifactorial costs to both individuals 
and societies [8]. The influenza virus is a main cause of those threats and is responsible for millions of 
severe cases and up to 500,000 deaths each year. The scenario can be even worse during a pandemic 
year. The most virulent influenza, the 1918 H1N1 Spanish flu, infected large global populations leading 
to a 2% total mortality in those infected. Subsequently, the H2N2 Asian influenza of 1957, the H3N2 
Hong Kong influenza of 1968, and the H1N1 pandemic influenza of 2009 reported lower mortality rates 
in the range of 0.2% or less. Novel modern viruses including H5N1, H7N9, and H10N8 crossed the 
species barrier to cause human morbidity and mortality. These infections, in humans, are accompanied 
by a raging pro-inflammatory response often without concomitant anti-inflammatory adaptation [4]. 
 
COVID-19 is the newest member of the Coronaviridae family of viruses and is the third coronavirus 
crossing animal species barriers to infect human populations. The previous two members of the family 
are the Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV), emerging in 2002, and the Middle 
East Respiratory Syndrome Coronavirus (MERS-CoV), in 2012. All can cause severe, even fatal, sudden 
acute respiratory syndrome or severe cardiopulmonary distress. The SARS-CoV-2 may also be creating a 
systemic hypoxic environment by inhibiting the functioning of Heme [9]. 
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COVID-19 attests to the high mutational capacities of coronavirus family members. By extending their 
reservoir range to include other animal species, delaying the onset of symptoms while maintaining 
infectivity, and by further affecting human-to-human transmission and expanding infection routes to 
include droplet, oral-fecal, and body fluids modes, SARS viruses have great capacity to create epidemics 
and pandemics. As with many viruses, coronaviruses have complex host invasion, replication, and 
transmission cycles. A crucial replication phase, known as the viremic phase, involves the explosive 
reproduction of viral particles and virions, exiting from infected and dying host cells, expelling billions of 
viral precursors into many types of bodily fluids leading to sudden and massive infiltration of any organ, 
challenging and overwhelming innate immunity leading to CSS and sepsis. 
 
In the event of any disease, its severity is the result of the interaction between causal factors and host 
resistance [10]. This includes essentially all infectious and chronic diseases. A matrix of responses, rather 
than a single consistent response, is possible. In immunocompromised individuals, the response to even 
mild causal factors may be severe whereas in individuals with strong immunity, the response to severe 
causal factors may be mild or even non-detectable. In those with compromised immunity, 
hyperreactivity is often observed. For example, for infections caused by the Spanish flu or the H5N1 
influenzas virus, an excessive inflammatory reaction occurred in many and may have been the cause of 
death, not the action of the infection itself. In cases like these, poor physiological health was the 
precipitating feature [11]. 
 
There is an urgent need for better risk characterization among populations during and in advance of a 
pandemic, that accurately identifies the vulnerable. This also means applying better definition to chronic 
disease etiologies and the concept of “immunocompromised.” This will facilitate enhanced science-
based targeted policy decisions compared to the current generalized approach using viral presence 
(PCR), antibodies, or assumptions about contagion and protection. Co-morbidities and 
immunocompromised status are clear risk factors for poor COVID-19 outcomes. Clinical management of 
chronic diseases are not shown to reduce severity and often exacerbates risk as illustrated by high 
mortality rates in those with pre-existing conditions. 
 
Of certain importance in COVID-19, other pandemics, and chronic diseases is the elevation of common 
biomarkers, all of which tie back to the innate immune response, CSS, and BKS measurement. 
Identifying this set of important biomarkers and rectifying causal risk factors leading to their initial 
elevation, not just managing disease symptoms, offers the opportunity to:  

1. Risk stratify those at highest risk for poor outcomes in a pandemic 
2. Prepare for pandemics by stratifying populations at risk based on objective measures of 

physiological health 
3. Mitigate pandemics and chronic conditions through proactive measures of risk reversal as 

opposed to perpetual disease management. 
 
Methods: 
We conducted an open-label, randomized, controlled, before-and-after 9-month study of a high 

intensity remote and on-site care intervention referred to as the Health Revival Program (HRP). The 

purpose of this study was to demonstrate how modest improvement in health behaviors could improve 

cytokine storm-related biomarkers and overall chronic health status. Participants included 287 

individuals employed by 3 separate companies with each participant covered by their respective health 
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insurance. Each full participant completed a detailed HRA, obtained a blood panel, and participated in 

medical and coaching encounters, at least monthly, over the 9-month program. The control was a group 

of 47 people who agreed to have labs drawn but opted out of the health intervention and risk 

assessment component of the study. Thus, the study was not blinded. Outcomes in both the study and 

control groups were measured using our internally developed physiological risk score. Participation was 

voluntary and those in the study and control groups were required to have at least one pre-existing 

diagnosed chronic condition or a chronic health complaint that was unresolved.  

This was not a formal clinical study, but instead, a low-risk wellness initiative. All procedures performed 

in the program involving human participants were in accordance with the ethical standards of the 

institutional and/or national research committee and with the 1964 Helsinki declaration and its later 

amendments or comparable ethical standards. Ethical oversight was provided by the existing primary 

care doctors who were not part of the program. Informed consent, medical releases, and participation 

contracts were obtained from all participants included in the program. These documents were 

completed after each participant was provided detailed information about the program. All data was 

acquired in strict conformance with health data privacy laws by medical personnel and stored and 

managed in a HIPAA compliant EMR. All communications with participants occurred within the same 

system. 

Participants in the HRP underwent medical history review, completed a 120 +/- question on-line health 

risk assessment (Chronic Disease Assessment™ (CDA)) and laboratory testing for 55 serum-based 

biomarkers (Chronic Disease Temperature™ (CDT)). The control group only acquired the CDT lab panel. 

The output from the CDA, for the participant, was a letter grade that reflected the subjective measure of 

their health risk portfolio. The grade is derived from a numeric score obtained by adding the individual 

risk scores assigned to each question and answer combination in the survey. Health providers obtained 

a detailed summary of risks and the risk grade from the CDA from which they developed individualized 

care plans. 

HRP participants began one-on-one health coaching encounters upon completing the CDA and CDT. 

Coaching was based on traditional methods of motivational health coaching and used the output from 

the CDA as a guide to specific health risks in need of modification. Our doctor, and the non HRP medical 

doctors, ensured that the recommendations and suggestions made by the health coach did not violate 

the health coaches license to provide advice. Participants experienced different levels of coaching based 

on the extent of their risk portfolio and medical needs as determined by the combination of their CDA 

letter grade and CDT score. Full details of the coaching interventions are provided in a previous 

publication [12]. 

Outcome measures focused on the change in physiological health represented by the change in the CDT 

risk score. The risk score is derived from 21 biomarkers that are useful in characterizing chronic health 

and risk, most of which are related to the CSS process, Table 1. A detailed explanation of the CDT scoring 

algorithm is provided in the “Discussion” section. Changes in the CDA risk grade and underlying numeric 

score were also noted and reported here. In each case, the biomarker panel was obtained prior to the 

first coaching session and then at approximately the 6-month mark. 
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Table 1: Biomarkers obtained in the HRP study. Those in italics are included in the CDT risk score 

calculation. 

Results  
Here we demonstrate how broad array of biomarkers, many of which are associated with CSS, BKS, 
COVID-19, and measures of immune health, not commonly obtained in the standard of care, can be 
improved through mitigation of life-associated health risks. 

 
Characteristics of the Study Cohort 
We collected CDT data from 287 volunteers at 3 separate locations in the mid-West of the U.S. 
beginning in November or 2016. All of the volunteer participants had at least one chronic disease or 
condition that was either under active disease management or was considered ill-defined and thus not 
subject to a standard-of-care intervention. The study spanned an approximate 9-month period for each 
of the 3 groups, but with different start dates. 
 
Overall, the mean (SD) age of participants in each cohort was 52.6 (16.3) years in the study group and 
49.9 (15.6) years in the control with 76% being women in the study group and 69% being women in the 
control. In the participant group, 93% saw an overall reduction in CDT biomarker score, 4% remained 
unchanged, and 3% worsened. In the control group 10% of the population improving their score, while 
51% were unchanged and 39% worsened. A summary of the before and after biomarker and risk score 
measurements is provided in Table 2. 
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Table 2: Before and after biomarker and risk score data on 4 groups. Groups G1-3 participated in the 
HRP intervention. The “All” group is the combined and averaged data from G1-3. The Ctrl group 
obtained labs at month 1 and month 7 but did not participate in the intervention. The number of 
participants in each group was: G1, n=99; G2, n=71; G3, n=70; All, n=240; Ctrl, n=47. 
 
Most of the biomarkers used to characterize the populations are consider acute phase reactants, each 
with different half-lives when elevated by some instantaneous insult [13]. These markers also respond 
to chronic insults, remaining elevated as long as the insult persists. However, in the case of a chronic 
insult, the response is subtler. To reduce the impact of acute activation of a given biomarker skewing 
chronic risk interpretation, the composite CDT score was developed. We consider this score to have 
much higher chronic risk predictive precision compared to any single marker. Therefore, outcome 
measurement was based on the CDT before and after values. The CDT is based on a 7-point scale. The 
change in physiological health, as indicated by % change before and after HRP is provided in Table 3. 
 

 
Table 3: Relative changes in CDT biomarker risk scores and CDA life risk scores. Groups G1-3 participated 

in the HRP intervention. The “All” group is the combined and averaged data from G1-3. The Ctrl group 
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obtained labs at month 1 and month 7 but did not participate in the intervention. The number of 

participants in each group was: G1, n=99; G2, n=71; G3, n=70; All, n=240; Ctrl, n=47. 

This data clearly demonstrates that improvement in the subjective life risk score, the CDA, leads to 

concomitant improvements in the objective physiological score, the CDT. Reported previously, for study 

group 2, were remarkable changes in reported and diagnosed health complaints in this population 

[crossreference]. Thus, we have demonstrated that reducing life risks leads to an improvement in 

physiological health and a reduction in both medical diagnoses and reported health complaints. 

Discussion 

The data we present in this study illustrates a lab panel and risk calculator that could be used in 

standard practice. In essence, the lab panel measures innate immunity while the risk calculator 

illuminates why the lab values are either optimal or non-optimal. Importantly, the biomarkers, when 

elevated, are highly correlated to early mortality risk, chronic disease risk, infectious disease risk, and 

risk of severe COVID-19 outcomes. Each health evaluation tool, the CDA risk assessment grade, and the 

CDT biomarker panel score, provide a single, simple to understand value that both practitioner and 

patient may use in outcome and goal setting. In COVID-19, masks and social distancing are the only tools 

that give some empowerment to individuals. However, we posit that if an individual understands their 

physiological risk status with respect to poor COVID-19 outcomes, and that status is also tied to 

actionable life risks, it affords a great level of individual and population empowerment and control over 

the current confusion and anxiety created by this pandemic. 

Chronic Disease Temperature Risk Scale 

Paramount to the quality of this study is the measurement tool, the CDT risk score. The chronic disease 

temperature is a risk score derived from 21 biomarkers, Table 1. Each biomarker comprising the score 

was exhaustively investigated through literature searches to determine 3 factors used to develop this 

objective risk predictor. 

1. Lab values that show a statistically significant increase in early all-cause mortality or reduction in 

survival based on more than one peer-reviewed study 

2. Hazard ratios for early mortality or reduction in survival for the individual biomarkers 

3. Biomarker value ranges used in the development of the hazard ratios 

For each marker, we evaluated studies showing the relationship between early all-cause mortality and 

tertiles, quartiles, quintiles, or deciles of early mortality risk hazard ratios. Regression analysis 

performed on each data set revealed an approximately log-linear relationship between biomarker value 

and increase in early mortality risk. Log-linear plots were developed to fit the available data for each 

biomarker that included an area of “no” or “baseline” risk and escalating, log-linear risk. In some cases, 

the biomarker exhibited no or baseline risk at a value trending towards zero. In this case, one log-linear 

curve was developed for the marker. In other instances, for example, white blood cell counts, the “no 

risk” value constituted a range of non-zero values. In this instance, two curves were produced, on either 

side of the no risk regime, each with their own hazard ratios and respective log-linear curves. Most of 

the markers fit into this latter category that describes risk as a “U” curve against biomarker values. 
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Finally, each biomarker’s risk value data is added together to develop the chronic disease temperature 

(early mortality) risk score. This algorithm was developed by weighing the contribution of each 

biomarker towards predicting early mortality through normalizing hazard ratios to a standard and then 

adding each final risk value to achieve the CDT value. This value is expressed on a scale of 0 to 7, with 7 

being obtained when each marker is at the 90th percentile of high risk on their respective log-linear 

curves. For the purpose of explaining the risk score in medical terms that lay-people can understand, the 

actual CDT value is added to 98.6 to give the reported “Chronic Disease Temperature” risk value. We 

determined, through focus groups, that representing the single score on this scale provides more health 

risk relevance to laypeople compared to using a letter grade or a 0-10 scale value, as possible examples. 

Reference intervals used by the major labs to describe “normal” vs “abnormal” biomarker levels, and 
the CDT biomarker normal values, are often quite different. Reference intervals or ranges are not 
standardized and can vary from lab-to-lab. In general, normal reference intervals are based on 
population statistics rather than objective endpoints that remain valid despite changes in society. The 
ranges of “normal” for the CDT biomarkers usually overlap with the reference intervals but comprise a 
much narrower range, reflecting a more sensitive signal for chronic disease. This approach is logical 
when considering the etiology of acute versus chronic conditions. Example reference intervals and CDT 
normal ranges are provided in Table 4. Trempe et al, provide a detailed explanation of the derivation of 
CDT biomarker risk assessment [14]. Figure 1 shows example mortality data for biomarkers, the type of 
which was used in developing the CDT algorithm [15,16].  

Add the additional markers – and – after EST and make is 0 - 20 

 

Table 4: Reference intervals used in the standard of care and normal value ranges based on early 

mortality data, used in the Chronic Disease Temperature algorithm. 
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Figure 1: All-cause mortality curves for RDW and total cholesterol. Reprinted by permission. The number 
of people included in the study for RDW was n=488 and the study for total cholesterol included 
n=12,800,000. 
 

Cytokines and biomarkers for inflammation in chronic diseases 
Cytokine storms occur in various illnesses. Bacterial infections that are severe and systemic, causing 
sepsis for example, may trigger a storm leading to cardiovascular system failure. Slightly elevated 
cytokines are present in cardiovascular diseases. In heart failure, this connection was first reported in 
1990 [17]. Subsequently there have been vast publications on elevated inflammatory mediators and 
acute decompensated heart failure. Mann et al. explains that both innate and adaptive immune 
responses are activated in the heart in response to tissue injury that results from pathogens or 
environmental injury [18]. In the Jupiter study, the meager benefit of statin drugs to prevent myocardial 
infarction was attributed to their action on inflammation as measured by C-reactive protein. In fact, the 
anti-inflammatory action of statins may be due to the documented antimicrobial action of these drugs, 
thus their action to mitigate the source of the CSS [19]. 
 
Immunotherapy, gaining widespread use across a variety of chronic etiologies, triggers cytokine release. 
This therapy creates both benefit and harm that is driven by potentially life-threatening compilations of 
sustained cytokine release [20]. This process, referred to as cytokine release syndrome (CRS), has the 
potential for fatal complications if the agents leading to CRS are not administered intelligently or are 
given to people with high pre-existing risk, for example those with already elevated cytokines. In a case-
control study on 10 million residents of the Lombardia region of Italy, biologic drug use was shown to 
significantly increase the risk of COVID-19 hospitalization [21]. Death rates were not increased, but 
disease severity increased, illustrating the known double-edged aspect of immune suppression 
approaches. Clearly cytokines must be controlled without compromising immune efficacy. 
 

Overlap between chronic disease and COVID-19 biomarkers 
 
Patients with COVID-19, SARS or MERS present with distinct cytokine profiles, Table 5. In addition, 
cytokines are considered acute-phase reactants, the half-life of which may interfere with interpretation 
of chronic risk status depending upon the timing of the disease onset, its severity, and timing of sample 
acquisition [cross ref to gab]. However, variations in half-lives can also be applied as a clinical tool in 
determining the stage of an inflammatory condition and, by extension, potential for a cytokine storm, 
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chronic disease risk, and poor outcomes in COVID-19, and many late-stage chronic diseases. Evaluating 
health status, through evaluation of multiple biomarkers, coupled to frequent testing and regression 
analysis, is an approach seeing more wide acceptance but insignificant implementation [22]. 
 

 
 
Table 5: The levels of cytokines in patients with COVID-19, SARS and MERS versus those in normal 
controls. 
Legend: Up or down arrows indicate higher or lower levels versus normal controls, respectively. 
Abbreviations: NS: no significant change versus normal controls, IL: interleukin, IFN-γ: interferon γ, IP: 
induced protein, MCP: monocyte chemoattractant protein, TNF-α: tumor necrosis factor α. Reprinted by 
permission 
 
Early into the outbreak of COVID-19, Chinese researchers showed the clinical profile of patients suffering 
from the disease [23]. They demonstrated that inflammatory markers, not just specific cytokines, were 
elevated in hospitalized patients. Among the markers elevated or otherwise out of an optimal range 
included: procalcitonin; interlukin-6; erythrocyte sedimentation rate; serum ferritin; C-reactive protein; 
and D-dimer. A subsequent study showed elevation in fibrinogen activity. The authors in each study 
recommended that all patients with severe COVID-19 be screened for hyperinflammation. Harvard 
Medical School hospitals subsequently developed a risk stratification protocol for in-hospital COVID-19 
sufferers that includes CBC with differential with focus on lymphocyte count, complete metabolic panel, 
creatine kinase, ferritin, C-reactive protein, fibrinogen, D-dimer, erythrocyte sedimentation rate, 
markers of tissue deterioration, viral serologies and blood cultures for bacterial infection [24]. Levels of 
traditional and inflammatory biomarkers in COVID-19 patient reports are provided in Table 6. 
Interestingly, many of the values attributable to adverse disease outcomes are “normal” per standard-
of-care reference intervals. This represents a significant and continuing problem in the current 
healthcare delivery model that is designed to determine illness, not pre-illness or predisposition to 
illness, with few exceptions. 
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Table 2: Potential biomarkers for COVID-19 risk stratification based on initial patient workup in China, 
many of which are used to risk-stratify in-hospital COVID-19 sufferers at Massachusetts General 
Hospital. 
Find Reference 
 
In consideration of the inflammation component of vascular etiologies, cancers, and endocrine disorders 
and the multi-organ impact of SARS-CoV-2, a role of stealth infection across multiple chronic conditions 
must not be ignored. A keyword search of PubMed for an association between infection and various 
chronic diseases shows a remarkable correlation when charted against reports of COVID-19 death rates 
and preexisting disease, Figure 2A. Interestingly, this search criteria shows a stronger association 
between infection and heart disease compared to cholesterol and heart disease, Figure 2B. If the 
association shown in Figure 2A can be shown to have a causal effect as well, then the measurement of 
pre-cytokine status as it relates to chronic, often stealth, infectious burden, and the resolution thereof, 
may be an appropriate future path for medical diagnosis and intervention across a broad range of 
common prolific chronic diseases and SARS-CoV-2 related illness.  
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Figure 1A. Mortality rate for COVID-19 with pre-existing disease by percent (black) and number of 
references in PubMed with an association between the disease and the term “infection” (light gray). 
Figure 2B. The number of references in PubMed with an association between infection and heart 
disease (light gray – note this the same data as in Figure 1A for heart disease) and cholesterol and heart 
disease (medium gray).   
 
Chlamydia pneumoniae infection is associated with an increased risk of coronary artery disease as is 
cytomegalovirus (CMV) and other pathogens. In the case of CMV, antibodies were found in the 
Atherosclerosis Risk in Communities Study [25]. Infection and inflammation pre-dispose individuals to 
higher risk from new infections, a barometer of which includes elevates cytokines and lipoproteins 
creating CRS [26]. Azithromycin improves clinical outcomes obtained with hydroxychloroquine in COVID-
19. This implies comorbid bacterial infection present in these patients and this type of pre-loaded 
infection is a potential consideration when determining vulnerability. Chlamydia and mycoplasma 
pneumoniae are ubiquitous pathogens often found in lab testing but seldom associated with chronic 
disease. C-pneumoniae pneumonia is a primary infection in persons aged 7-40 years. Reinfection 
pneumonia is more common in the elderly. Approximately 50% of young adults and 75% of elderly 
persons have serologic evidence of a previous or current chronic infection as indicated by elevated IgG 
titers [27]. 
 
Our evidence on chronic infection burden in populations, to be published, indicates that positive IgG 
titers are representative of dormant bacterial infection or those existing in biofilms, not simply a past 
infection. Thus, the organisms, in this state, are able to reactivate opportunistically. Over 50% of 85 
subjects between 19 and 73 years old, employed by a U.S. company and working in the U.S., were 
positive for chlamydia or mycoplasma pneumoniae IgG antibodies according to our work. When 
therapeutic protocols for active chlamydia infection were applied to these patients, a wide variety of 
chronic disease indications and health complaints, including migraines, mood disorders, rheumatoid 
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arthritis, and psoriasis, rectified with concomitant reduction in cytokine and cytokine-related biomarkers 
(CDT panel) and titers. 
 
Allen postulates that SARS-CoV-2 may create biofilms that, in turn, lead to cytokine production and 
tissue destruction [28]. Further, he states that more than 90% of microbes live in biofilms and, with 
pathologic microbes, many disparate diseases appear to be generated by this process, with more 
research needed to show causal evidence. The diseases include: cutaneous diseases such as atopic 
dermatitis, psoriasis, leprosy, and many others. Internal diseases include arthritis, otitis media, 
arteriosclerosis, cystic fibrosis, metabolic disorders, cancer, and Alzheimer’s disease [29]. Reports of this 
nature are consistent with our clinical findings and suggest that total pathogen burdens, especially those 
known to inhabit biofilms or reside intracellularly, contribute to high comorbidity mortality in COVID-19.  
 
CSS versus a Cytokine Rain biomarkers for chronic disease and COVID-19 risk stratification 
 

When reviewing the value of various tests for pandemic disease, PCR and antibody tests have 
limitations. Positive PCR assay for SARS-CoV-2 does not imply disease or contagiousness. Variables in 
sample site quality and in the time, energy, and trained personnel required to run these tests, all of 
which limit scalability, contribute to ambiguity. Antibody testing looks for an adaptive immune response 
and the phase and magnitude of the infection. These tests provide little information on projected 
outcomes as healthy people are much less likely to die compared to unhealthy or older people without 
strong correlation to the information provided by these tests. Physiological health, the main concern of 
practicing clinicians, is not articulated through these tests. Further, since the main cause of death from 
COVID-19 appears to be CSS that is driven more by innate, not adaptive immunity, antibody testing is 
only a portion of the risk story. 
 
The concept of a cytokine storm is about dramatic acute illness and disease. These mediators, at lower 
concentrations than in a storm, have essential roles in normal physiology, innate immunity and 
controlling chronic diseases. A cytokine “rain” that represents the same biomarkers as in CSS, but at 
levels closer to “normal” is now connected to chronic disease states. According to Clark et al. 
understanding cytokine storms in their various degrees of acuteness, severity and persistence is 
essential in order to grasp the pathophysiology of many diseases, and forms a basis for newer 
therapeutic approaches [30]. This particularly applies to the neurodegenerative diseases according to 
Clark. In this study, the investigators showed that, in addition to systemic and respiratory symptoms, 
36% of patients in one study with COVID-19 developed neurological symptoms and the severity of these 
symptoms was consistent with COVID-19 severity. Importantly the cytokine “rain” demonstrates 
predisposition to poor outcomes from COVID-19 and chronic diseases. Since the inflammation 
stimulated by disease is an immune response and protective against disease, irrespective of collateral 
damage, cytokine rains (CR) are an expression of a more insidious underlying etiology. 

 
Many cytokines that participate in CSS and CR are not routinely available analytically or are of 
prohibitive costs for population analysis. However, common biomarkers related to cytokines are readily 
available and inexpensive to test. IL-6, a cytokine prevalent in CSS, is well known to induce the release of 
C-reactive protein (CRP). IL-6 induces CRP production in the liver by activating Janus kinases. Signal 
transducers and activators of transcription subsequently switch on the CRP gene expression, leading to 
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the production of CRP [31]. Elevations of serum C-reactive protein and ferritin, which are inexpensively 
measured by clinical laboratories, also correlated with the occurrence and severity of CSS in COVID-19. 
 
Other non-specific markers of inflammation and endothelial dysfunction are contributing to the 
diagnosis of CSS, CR, and CRS. Erythrocyte sedimentation rate, a non-specific acute phase reactant that 
is a measure of background inflammation and clotting, is elevated in CSS, many chronic diseases, and 
COVID-19. Fibrinogen is a glycoprotein complex that circulates in the blood and, during tissue and 
vascular injury, it is converted enzymatically by thrombin to fibrin and then to a fibrin-based blood clot. 
Fibrin clots function primarily to occlude blood vessels to stop bleeding but is also activated to repair 
non-hemorrhagic damage. People with vascular complications and COVID-19 are reported to have the 
highest mortality rates. High level of fibrinogen in plasma is recognized as an important vascular risk 
factor across multiple acute and chronic conditions. Fibrinogen in vascular disease has the parallel effect 
of cytokines impacting fibrinogen biosynthesis and on vascular injury, as was noted by Vasse et al [32]. 
 
Acute tissue injury can lead to rapid accumulation of uric acid and urate crystal formation that aggregate 
in kidneys and induce acute kidney injury. Uric acid has been studied in several cardiorespiratory 
processes that produce hypoxia since this condition leads to increased catabolism of purines. For this 
reason, uric acid has proven useful as a prognostic marker of heart failure, pulmonary 
thromboembolism, and primary pulmonary hypertension. Recurrent hypoxia, which is associated with 
obstructive sleep apnea syndrome (OSAS), leads to an increase in the degradation of adenosine 
triphosphatase into xanthine, which in turn increases uric acid concentrations. Hypoxia may be a 
significant feature of COVID-19, although lab data on uric acid values and this disease are not available 
in the literature. Loss of heme integrity during SARS-CoV-2 infection through insult on the 1-beta chain 
of hemoglobin and dissociation of iron from the porphyrin is reported [33]. This event may establish 
hypoxic tissue conditions that would lead to uric acid upregulation. Measuring uric acid values may help 
corroborate these findings and facilitate patient triage for appropriate late-stage therapy including 
ventilation or low-pressure oxygen. Disruption of hemoglobin by the virus is reported to trigger the 
release of iron thus anemia of chronic disease may be driven by SARS-CoV-2 explaining the high ferritin 
levels noted in the disease. 
 
The simultaneous addition of several biomarkers, included those discussed here, in the early diagnosis 
and risk stratification of CSS, followed by complementary interventions, has the potential to 
substantially reduce morbidity and mortality regardless of the insult. It affords proper patient triaging 
and may even be useful in determining the best course of treatment to stave off CSS. However, owing to 
the relationship between elevated cytokines, represented by acute phase inflammatory markers, and 
chronic diseases, broad-based inflammatory markers may find application in early detection of chronic 
disease, premature aging processes, general morbidity, high medical claims, and early mortality which 
currently and continually apply stress to our societies. 
 
Rationale for measuring and modifying cytokine rains and related markers in standard medical practice 
 
Current health assessments of populations are focused on acute health status and use a very limited set 
of markers not well suited to determine chronic health and immunocompromised status. Using multiple 
biomarkers in patient workup improves both precision and accuracy of a diagnosis or risk. COVID-19 is 
teaching us that physiological health measurement is more important compared to a subjective 
diagnosis of an indication, like cardiovascular disease, that is assigned based on limited physiological 
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data. A diagnosis of cardiovascular disease, for example, places all such individuals in the same relative 
risk category. Whereas, the robust measurement of physiology, and the translation of that 
measurement into a score, provides a stratification while recognizing that disease status in populations 
is a continuum. Diabetes assessment provides a reasonable example of risk stratification. People are 
measured for diabetes risk with both the HbA1C and fasting glucose test. While the glucose test 
provides an instantaneous value, the HbA1C provides an average surrogate value for glucose over a 120-
day period, leading to better patient characterization. However, the underlying disease is insulin 
resistance, yet a fasting insulin test is seldom used. If included it would further enhance placement of a 
person on the diabetes continuum and should be part of any metabolic disease workup. 
 
Harvard Medical School and other hospitals use a broad set of blood-based biomarkers to risk-stratify in-
hospital patients with COVID-19. These same markers, interpreted with consideration of cytokine rain 
status, applied to populations, may best serve to stratify risk and to set policy on containment strategies 
in populations. Currently, policy is being established with an incomplete set of evidence and subjective 
data on individual risk. In vivo blood biomarker analysis offers considerable opportunities for individual 
and population risk measurement. These tests afford fast analytical turn-around time, quantitative 
measurement, accessibility, serial monitoring and ready availability. In some instances, rapid and 
continuous monitoring is available. Importantly, these tests provide an accurate estimate of a person’s 
innate immune and metabolic health, key factors in determining risk in COVID-19 and chronic 
conditions. Individuals that know and understand their physiological health have more personal control 
over outcomes when given guidance on how to improve their profile. Both innate and adaptive 
immunity are important when fighting a virus or other infection. However, innate immunity plays a 
more important role in chronic disease. Further, innate immunity maintains efficacy against the insult 
while clever organisms endeavor to evade the adaptive immunity mouse trap. 
 
Three important considerations implore healthcare to consider adopting more robust physiological 
testing in the general population, including those considered healthy, as part of a routine medical 
examination.  
• PCR and antibody testing may indicate presence or absence of insult but does not provide 
clinical guidance on how to mitigate current or future manifestations except to affect late-stage 
emergency interventions, which have low success rates at saving patients [34]. In general, these tests 
are primarily used to design and implement isolation and containment strategies, not affect the 
resilience of infected individuals.  
• Pandemics leading to social and economic shutdown have an extraordinary and long-term 
impact on the stability of society. Population-wide risk stratification may afford more effective, 
precision- and evidence-based plans on the scope and timing of containment and reopening of society 
or segments of society.  
• The highest reported risks for severe COVID-19 morbidity and mortality are preexisting 
conditions. We were unable to find evidence-based data that chronic disease management techniques 
used in the standard-of-care, are protective against COVID-19, except in glucose control. In fact, certain 
medications are actually indicated to increase risk and severity of the disease. For example, statin drugs, 
the most widely prescribed of all medications, are reported to increase COVID-19 infection, consistent 
with published data on acceleration of other infections for people on low total cholesterol. Immune 
suppressing drugs have obvious consequences in the face of a disease that challenges nascent immunity 
[35]. Therefore, the current clinical practices for chronic diseases are minimally effective at mitigating 
pandemics.  
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Treatment of late-stage CSS should be an intervention of last resort. Primarily we must employ 
measures to illuminate and reverse the disease risk and progression of disease in individuals before it 
accelerates, even in the asymptotic phase. Solutions to late stage disease of any type, including septic 
shock, seldom yield the results patients desire, with 40% - 60% being the published mortality rate. 
According to Gerlach, the inflammatory processes, which play a role in the pathogenesis of diseases like 
septic shock or other hyper inflammatory states, have certain similarities [36]. Measuring for these 
similarities in populations will ultimately lead to more impactful solutions. Gerlach further states, “As 
the mechanisms of cytokine storm are becoming better defined, interventions aiming to interfere with 
the host response have been undertaken, largely with disappointing results.” This statement confirms 
the need for early measurement of cytokine rains, then applying interventions to prevent progression to 
CSS. 
 
A precision medicine approach, achieved by properly measuring and understanding the immune 
mechanisms that lead to CSS in subpopulations, and perhaps even individual patients, is likely to yield 
benefits in heterogeneous groups of patients. However, the current choke point is the lack of consistent, 
standardized use of objective biomarker data, in populations, that are related to causal factors of the 
disease etiology. Continued basic, translational, and clinical investigation will be needed to make such 
an approach possible. This will necessitate capturing inflammatory, cytokine, and risk information on 
large populations while tracking morbidity and mortality statistics that can be analyzed through big data 
and converted into meaningful interventions. The use of the chronic disease temperature risk score 
coupled to the chronic disease assessment risk profiling tool may be useful tools in such efforts. 
 
 
2. Conclusion 
 
The novel coronavirus has reinvigorated the discussion about vulnerable populations, 
immunocompromised status, risk stratification, management of chronic conditions, and control of 
pandemics in a highly connected world. Much effort has been applied to avoidance of this infection, 
curve flattening, and development of specific treatments with major emphasis on vaccines and very 
late-stage interventions. However, the identification of cytokine storms in COVID-19 sufferers reminds 
us that human immunity against viruses and chronic disease is not just about adaptive immunity. 
Solutions may not lie in augmenting adaptive immunity with vaccines to fight this and future viral 
pandemics. Consideration of innate immunity and even that of non-specific immunity like lipid synthesis, 
may play an important role in protecting populations against acute infectious episodes and even extend 
to non-communicable diseases that drive up to 90% of morbidity and early mortality impacting the daily 
quality of life in approximately half of our global population. 
 
The concept and definition of “immunocompromised” and chronic disease status must be reevaluated 
and redefined in terms of its accurate, objective measurement and consequential interventions to 
improve health, not simply to manage disease. The existing model of diagnostics and data collection has 
failed at effectively risk-stratifying populations. Consequently, policy necessary to balance economic 
shutdown versus population risk has been universal and reactive rather than targeted, leading to 
dramatic and often tragic social and economic consequences. Information from “big data” has 
contributed little to actionable decisions largely because the preponderance of available objective 
health data provides little relevance to infectious pandemics and chronic disease risk. However, this 



Physiological Score for the Measurement of Chronic Disease Status and COVID-19 Outcomes 

 

 

regrettable pandemic also offers the long-term prospective of saving lives if we apply what we are 
learning about susceptibility and outcomes to the general measurement of health and disease. The 
overlap of COVID-19 risk biomarkers and those associated with a myriad of chronic diseases is not 
coincidence and could be applied to population health today, to risk stratify populations both for chronic 
disease and pandemic vulnerability. Measuring and acting upon cytokine rains should be considered for 
incorporation into the standard of care. The implications of this on policy, human well-being, healthcare 
resource allocation, interventions, costs, and productivity have the potential to far outweigh the harm 
created by the COVID-19 outbreak. 
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