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ABSTRACT

OBJECTIVES: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the causative agent of COVID-19 disease, has become an
international pandemic with numerous casualties. It had been noted that the severity of the COVID-19 disease course depends on several
clinical, laboratory, and radiological factors. This has led to risk scoring systems in various populations such as in China, but similar risk scor-
ing systems based on the American veteran population are sparse, particularly with the vulnerable Veteran population. As a simple risk scor-
ing system would be very useful, we propose a simple Jhala Risk Scoring System (JRSS) to assess the severity of disease risk.

METHODS: A retrospective review of all SARS-CoV-2 reverse transcriptase-polymerase chain reaction (RT-PCR) tests collected and per-
formed at the regional Veterans Administration Medical Center (VAMC) serving the Philadelphia and surrounding areas from March 17th,
2020 to May 20th, 2020. Data was collected and analyzed in the same year. These tests were reviewed within the computerized medical
record system for demographic, medical history, laboratory test history, and clinical course. Information from the medical records were then
scored based on the criteria of the Jhala Risk Scoring System (JRSS).

RESULTS: The JRSS, based on age, ethnicity, presence of any lung disease, presence of cardiovascular disease, smoking history, and dia-
betes history with laboratory parameters correlated and predicted (with statistical significance) which patients would be hospitalized.

CONCLUSION: The JRSS may play a role in informing which COVID-19 positive patients in the emergency room/urgent care for risk
stratification.
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Key Points

(1) SARS-CoV-2 has become a world-wide pandemic that
has affected population groups throughout the world.

(2) Risk scoring systems, based on known associations of
clinical characteristics and disease severity, may help in
predicting prognosis.

(3) The JRSS was developed based on the American Veteran
population in the major metropolitan city and surround-

ing areas of Philadelphia.

Introduction

SARS-CoV-2, the viral agent that causes the COVID-19 dis-
ease, has—from its humble beginnings in Wuhan China—
become an international pandemic.! This novel virus initially
presented and circulated in Wuhan, Hubei, China.! Since the
start of the pandemic in Wuhan, the clinical characteristics and
risk factors for COVID-19 severity (such as mortality) had been
studied for the affected Chinese civilian population.! However,
as aptly pointed out by Zhang et al, there are significant differ-
ences in the population, health service capacity, and population
ethnic backgrounds that limit the generalizability of studies per-
formed on the Chinese population to other populations.?

Although there have been multiple studies for risk scoring, the
literature has been particularly sparse for the American veteran
population.3-10 Risk scoring population algorithms have been
well-established based on the unique characteristics of the
Chinese population or the European population, both of which
is a different population from the American Veteran population
for which the literature is sparse.>%-10 Studies performed on the
population within the United States of America have generally
consisted of observations of particular risk factors and its impact
on severity.!13 Further meta-analyses and reviews have deline-
ated risk factors predicting worse prognosis without a scoring
system to stratify patient prognoses; these potential risk factors
have been acknowledged as identified by the Centers for Disease
Control and Prevention (CDC).1#17 These risk factors have
included laboratory parameters, such as Rahman et al.’s experi-
ence in Bangladesh with hematological abnormalities predicting
COVID-19 severity.!” Nonetheless, the development of a risk
scoring system based on the multiple risk factors is sparse for the
American Veteran population. As part of a unique study to
explore the significantly affected American Veteran population,
we developed the Jhala Risk Scoring System (JRSS) that helps
in predicting prognosis in a regional veteran population; the
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Figure 1. A flow chart of the Jhala Risk Scoring System (JRSS) starting first with clinical assessment of history. Some who score =7 on history alone
would be deemed elevated risk. For the rest, there is further points to be added based on laboratory parameters that may subsequently put the patient in

the elevated risk category. Combined scores =7 is elevated risk category, and those <7 would not be classified as elevated risk patients.
Abbreviations: , 2x, two times the; CPK, creatine phosphokinase; CRP, C-reactive protein; JRSS, Jhala Risk Scoring System; LDH, lactate dehydrogenase, N/A, Not

applicable.

JRSS is particularly useful and non-invasive as it can be utilized
without invasive procedures, diagnostic imaging, or phlebotomy.

Methods

A retrospective review of all SARS-CoV-2 reverse tran-
scriptase-polymerase chain reaction (RT-PCR) tests collected
and performed at the regional Veterans Administration
Medical Center (VAMC) serving the Philadelphia and sur-
rounding areas from March 17th, 2020 to May 20th, 2020.
Data was collected and analyzed in the same year. This review
took place with the appropriate IRB approval at the institution.
The results of these tests were reviewed and separated based on
whether the test was positive (or detected) for SARS-CoV-2 or
negative. As this study was for prognosis after infection with
SARS-CoV-2, only positive test results were considered, and
tests were further sorted by patient. As patients may have more
than one positive test result, redundant test results were
removed to ensure each patient was only reviewed once. A
medical chart review was performed to document the patient’s
relevant clinical and laboratory characteristics during the dis-
ease course. Clinical characteristics documented included age,
gender, ethnicity, pulmonary related past medical history, car-
diovascular related past medical history, diabetes history, smok-
ing history, and clinical course during time of infection.
Assessed also were whether certain laboratory parameters dur-
ing the disease course exceeded set limits that had previously
been documented to be associated with worse outcomes, spe-

cifically D-Dimer (>1mg/L), C-reactive protein (>10mg/

dL), lactose dehydrogenase (>245U/L), troponin (>2 times
the upper limit of normal), ferritin (>500ng/mL), creatine
phosphokinase (>2x the upper limit of normal), and the abso-
lute lymphocyte count (<800/microliter). Only laboratory
parameters that had been obtained clinically during the
patient’s disease course were considered.

The data was compiled and assessed per the JRSS (see Figure
1). The JRSS examines the patient’s age (1 point>55years of
age, 2 points if >65years of age), ethnicity (1 point if African-
American), pulmonary past medical history (2 points if any past
medical history exists), cardiovascular past medical history (1
point if just history of hypertension, 2 points if there is any other
history), diabetes past medical history (1 point if history exists),
and smoking history (2 points if any history of smoking tobacco
exists). A score that is 7 or greater was deemed to be of higher
risk. As laboratory data collected upon presentation may present
additional information suggesting elevated risk, a laboratory
addendum of additional points based on the laboratory param-
eters would be added for those with a score less than 7. Points to
be added would range from 1 point (1 laboratory parameter
exceeded set limit), 2 points (2 or 3 laboratory parameters
exceeded set limits), or 3 points (4 or more laboratory parameters
exceeded set limits).

The performance of the JRSS was assessed by standard sta-
tistical analysis to determine the odds ratio as well as the 95%
confidence interval of this odds ratio.!8 If the lower limit of the
95% confidence interval for the odds ratio is not below 1, the
odds ratio would be considered statistically significant as the P
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value would be <.05; this was also confirmed by direct calcula-
tion of the P value for each finding.’ In order to assess and
verify the prognostic capability of the JRSS in predicting nega-
tive outcomes, the following negative outcomes were consid-
ered for the statistical calculation: hospitalization or
requirement for medical monitoring, death, intubation during
disease course, or admission to the intensive care unit (ICU).

Results

There was a total of 187 unique patients with positive SARS-
CoV-2 test results were reviewed. Out of these 187 patients, 45
had a JRSS score (without considering laboratory data) of 7 or
greater (Table 1). Twenty of these high score patients were
admitted to the Medical Intensive Care Unit (MICU). Seven
were admitted to the medical floor. Five continued to reside in
a long-term care facility (community living center or CLC).
Thirteen did not require hospital admission or required medi-
cal monitoring at all. Ultimately for those 45 patients with
JRSS scores (without considering laboratory data) of 7 or
greater, 9 patients expired (1 for reasons unrelated to COVID-
19). Nine had been intubated at some point during their hos-
pitalization (only 6 of the intubated patients had expired). One
patient was admitted to a hospital outside of Veteran Affairs
without corresponding hospitalization data available other
than that the patient did not expire, and was thus excluded
from the numbers for the statistical calculations for whether
intubation was required or patient required ICU care due to
these facts being unknown. One patient was already admitted
to the surgical intensive care unit for unrelated reasons and
developed COVID-19 midway through his treatment course;
as this patient had not been admitted to the intensive care unit
for reasons related to COVID-19, this patient was excluded
from the statistics of those admitted to the ICU. Therefore, for
negative outcomes of hospitalization or required medical mon-
itoring and death, 187 patients were included; 186 were
included for statistics on whether intubation was required; and
185 patients were included for statistics on whether the patient
was admitted to the ICU.

In contrast, 142 patients had a JRSS score of less than 7 (or
0-6) based on clinical history alone. As laboratory values at the
time of the disease course would add additional information
that may highlight at risk patients, a laboratory addendum was
computed for each of these patients. Once the laboratory
addendum was computed, an additional 29 patients had scores
of 7 or greater (Table 1). Of these 29, 26 patients were either
admitted to the intensive care unit (16 patients), medical floor
(8 patients), or were being followed long term in the monitored
CLC (2 patients). Seven expired (6 in MICU and 1 in CLC),
of which 5 had been intubated prior to death. Of those who did
not die, just one was intubated. Notably, the lower limit of the
95% confidence interval increased once the measured labora-
tory parameters were accounted for.

For those who had a lower score (6 or less), there were 113
patients (Table 1). The overwhelming majority of the patients

in this category never required any hospitalization or medical
monitoring (75 patients) for COVID-19. The rest, 38 patients,
were monitored as part of their long-term care in the CLC (10
patients), were on the medical floor for monitoring (7 patients),
and only 21 were in the intensive care unit. Of these patients,
of which 3 were intubated (2 intubated patients expired), 7
patients expired during their disease process.

The JRSS identified a subset of patients who may be at higher
risk of requiring hospitalization. Considering both the initial
scoring and the laboratory addendum, 74 potentially higher risk
patients (with a score>7) had been identified, of which 58
required hospitalization or continued medical monitoring in the
CLC, for an admission/monitoring rate of 78%, in contrast to
those who did not score highly (only 33% admission monitoring
rate). The odds ratio for an elevated score, calculated from the
above data, is 7.15 with a 95% confidence interval ranging from
3.63 to 14.08; this indicates a statistically significant association
between a score of =7 and requirement for hospitalization or
continued medical monitoring (see Table 1).18-1 The JRSS with
laboratory addendum was also successful in predicting death,
requirement for intubation, and requirement to be admitted to
an ICU (odds ratios of 4.18, 6.86, and 4.59, all statistically sig-
nificant as in Table 1).

The JRSS without considering any available laboratory data
demonstrated a continued ability to predict hospitalization,
intubation, and ICU admission in a statistically significant
manner, but the lower limit of the 95% confidence interval
approached more closely to 1 for all markers of worse progno-
sis, indicating both that inclusion of the available laboratory
data strengthened the algorithm and that the JRSS could be
used without laboratory data (see Table 1). The inclusion of
laboratory data strengthened the predictive value of the JRSS
in all domains (predicting hospitalization or requirement for
medical monitoring, intubation, death, and intensive care unit
usage), though it is also noted that the performance of labora-
tory tests assessed by the JRSS was statistically linked to con-
tact with the medical system due to COVID-19 (see Table 1).

Discussion

As previously have been described in the literature, such as in
the well-established studies of the Chinese and European pop-
ulation, the cumulation of risk factors can be utilized to model
prognosis and identify which patients may have worse or better
prognosis after infection with SARS-CoV-2.17 The JRSS sys-
tem is based in part on the pathogenicity of the SARS-CoV-2
virus where the virus targets certain organ systems (past medical
history for pulmonary or cardiovascular systems), and on
the previously observed and known risk factors for severe
disease.11320-22 Similarly, these risk scoring models, while they
may help identify patients at higher risk of worse prognosis, do
not completely replace clinical judgment of each individual case
as in both instances, a minority of patients who score poorly do
well and other patients who score well do poorly."” Nonetheless,
the presence of a risk scoring algorithm appropriately attuned to
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a representative population group can be a tool to predict nega-
tive outcomes and help in the shepherding of healthcare
resources in these pandemic times. Importantly, scoring sys-
tems, which have been utilized for many different areas of med-
icine, provide a formal standardized assessment that can
supplement physician judgment; decisions based on probable
prognosis does not always need to be based on an individual
clinician’s gut feeling alone.?3 The JRSS is particularly useful in
that it does not rely on invasive procedural or diagnostic imag-
ing for risk stratification, and can be performed with clinical
information alone without any blood draws for laboratory data
if needed. While some patients are not identified as higher risk
if laboratory data is ignored, the algorithm still identifies in a
statistically significant manner a subset of higher risk patients,
which can still usefully guide clinical judgment. The JRSS nor-
mally relies on routinely collected laboratory tests and is thus a
potentially useful tool in common practice. However, despite
this usefulness, this type of risk scoring has noted only sparsely
with the unique characteristics of the Veteran population of the
United States. It is most important to note that populations dif-
fer in substantial ways including but not limited to ethnic com-
position, availability of healthcare, and other innumerable
characteristics that may prevent generalizability from one coun-
try’s population to another; therefore, a risk scoring system
based on a population in China or Europe may not necessarily
apply to the American population on a different continent.? In
this attempt to apply a risk scoring system on a population
within the United States, specifically the Veteran population,
that is known to be different from the Chinese and European
civilian populations, a successful segregation of higher risk
patients was delineated that may help efforts to predict patient
outcomes and triage medical resources. Furthermore, this study
involved the more vulnerable Veteran population that has
already been well documented to differ from the non-Veteran
civilian American population.?4-26

The success of the algorithm also helps confirm prior stud-
ies demonstrating a higher risk of more severe outcomes with
potential risk factors such as age, ethnic background, pre-
existing conditions (such as cardiovascular disease, pulmonary
disease, or diabetes), smoking habits, and known laboratory
parameters that portend a worse prognosis and could be gath-
ered at the time of the initial presentation or visit.""'” The
association of worse outcomes with the variables accounted for
by the JRSS makes sense from a pathogenicity and literature
standpoint.’7 The variables accounted for have either been
reported as risk factors in multiple prior studies or involve an
organ system that would be directly affected by the SARS-
CoV-2 infection.!"17 One of the risk factors, ethnicity, may be
a marker of worse prognosis due to its very strong and well
documented non-biological association with social and health
inequalities or discrimination within society at large.’> On
review of the data, there was a statistically significant associa-
tion between the number of laboratory tests ordered within
the JRSS and need for hospitalization or continued medical

monitoring. These laboratory values, as markers of lymphope-
nia or inflammation have been strongly associated with worse
outcomes with pathogenic reasons for this.'1729-22 This pub-
lished history therefore would tend to argue that there exists a
true biologic reason for the association with worse prognosis
with these laboratory parameters. While this study is limited
in being a single regional VAMC institutional study involving
only Veteran patients, this study is an important contribution
to ensuring that risk scoring systems have been systematically
studied in additional populations whereby it may be useful.
Further directions suggested by this study may include look-
ing at the broader US population, examining if the JRSS
might be even more robust if the laboratory testing assessed
was routinely performed on a higher proportion of patients
with COVID-19, or even examining which laboratory param-
eters contribute most to an accurate algorithm.

Conclusion

In this very study of a comprehensive risk scoring system for a
patient population with COVID-19 within the United States,
undertaken in a regional VAMC, found that the JRSS, which
assessed points based on age, ethnicity, pre-existing conditions,
smoking habit, and available laboratory parameters had predic-
tive value in determining which patients may be at elevated risk
of hospitalization. The JRSS is simple enough that it does not
require for its utilization any invasive procedures, diagnostic
imaging, or even blood draws for laboratory studies; laboratory
data on set parameters is simply incorporated into the algo-
rithm if it is available. The determination early on by a stand-
ardized risk scoring system (based on patients in the United
States) of which patients may require more extensive medical
services may help clinicians implement better strategies for
more effective use of limited medical resources and anticipate
needs earlier in the patients’ course.
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