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Abstract

Background and Aims It has been documented that African Americans have been significantly affected by COVID-19 infection
due to systemic societal factors, which may lead to increases in comorbid medical history and subsequently vulnerability to
having higher viral loads as measured by the cycle threshold/number (CT/CN) values by reverse transcriptase polymerase chain
reaction (RT-PCR). Differences in CT/CN values by ethnicity and comorbid medical history could play an important role in
public health research, particularly in elucidating the reasons for differential public health outcomes by ethnicity, as viral loads are
known to correlate with disease severity. However, there is a gap in the literature regarding CT/CN values by ethnicity and
comorbid medical history. Therefore, this study seeks to address this literature gap and its important implication for public health
research.

Methods A retrospective review of all SARS-CoV-2 RT-PCR tests collected at the regional Veterans Administration Medical
Center (VAMC) serving the Philadelphia area from March 17, 2020, to May 20, 2020, was performed to collect demographic
information such as race, gender, and age. In addition, comorbid medical conditions, clinical course, and CT/CN values were
obtained for the positive cases.

Results There was a total of 1524 patients tested for SARS-CoV-2. A total of 713/1524 patients (46.8%) were African American.
A total of 187/1524 patients (12%) had tested positive for SARS-CoV-2 from which 139/187 (74%) were African American.
African American patients required more intensive unit care. Both African Americans and other ethnicities had similar rates of
comorbid medical conditions. On comparison of the ethnic groups, there were lower viral loads in African Americans on
admission, though the difference was not statistically significant.

Conclusion African American Veterans tested positive at higher rates and require more ICU care, despite similar rates of
comorbid illness and viral loads.

Keywords Population demographics - SARS-CoV-2 - Accessto health care - Molecularpathology - COVID-19 - Quality control -
Quality assurance - Clinical pathology

Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) is the causative agent of the disease known as corona-
virus disease 2019 (COVID-19) [1]. Since its origins in Wuhan
China in or around December 2019, SARS-CoV-2 has spread
worldwide to become an international pandemic affecting near-
ly all countries around the globe [1]. The United States of
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America has been severely affected by the pandemic; within
the American population, African Americans are overrepre-
sented in COVID-19 disease cases [2]. This disparity negative-
ly affecting African Americans is likely due to systemic societal
factors [3—10]. Even before the pandemic, it had been well
documented in the literature that African Americans have re-
duced access to care, lower levels of health insurance coverage,
and generally receive lower quality care compared to other
ethnicities [1-5]. These societal factors for African American
population may lead to negative outcomes [5—15]. The pres-
ence of health disparity or inequality may also increase the
likelihood of more comorbid medical conditions (such as car-
diac, pulmonary, diabetes, and smoking history) due to lower
quality preventive care. The increase in the number of comor-
bid medical conditions may be hypothesized to lead to poorer
health outcomes or higher viral loads when challenged by
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SARS-CoV-2 infection. Higher viral loads, as inversely mea-
sured by the cycle threshold/cycle number (CT/CN) by reverse
transcriptase polymerase chain reaction (RT-PCR) such that
lower CT/CN values correspond to higher viral loads, are a
known negative prognostic marker [16]. However, despite the
known differences in outcome between ethnic groups, the dif-
ferences in the known prognostic marker of CT/CN values or
viral load between ethnic groups remains to be fully investigat-
ed in the literature. Studying the correlation between ethnicity
and comorbid medical conditions with CT/CN values on ad-
mission could play an important role in public health research
into racial disparity in outcomes, especially for the Veteran
population early in the course of the pandemic.

Methods

A retrospective review of positive SARS-CoV-2 RT-PCR
tests from only Veteran patients performed at the regional
Veterans Administration Medical Center (VAMC) patient
care areas serving the Philadelphia and surrounding areas
from March 17, 2020, to May 20, 2020, was performed.
Age, gender, ethnicity, comorbid medical conditions, clinical
course (hospitalization, intensive care unit admission, intuba-
tion, and death) information, and CT/CN values were obtained
in this retrospective review of the medical record (see
Table 1). CT/CN values would be obtainable only for positive
test results for SARS-CoV-2, and was resulted during the
study period from the Abbott RealTime SARS-CoV-2 assay
on the Abbott m2000 (Des Plaines, IL) and the Xpert Xpress
SARS-CoV-2 assay on the Cepheid GeneXpert Infinity
(Sunnyvale, CA). At the beginning of the study period prior
to the implementation of both of these in-house SARS-CoV-2
testing platforms, specimens were sent out to reference labo-
ratories for SARS-CoV-2 testing; for these patients, all infor-
mation was obtainable except for the CT/CN value from the
reference laboratory. The Xpert Xpress SARS-CoV-2 assay
would give two CT/CN values (one for envelope or E and the
other for nucleocapsid or N2 nucleic acid targets) per positive
for which the lower CT/CN value (other than 0 or not detected)
was recorded and considered for this study. The Abbott
RealTime SARS-CoV-2 assay would only give one CT/CN
value per positive test, which was recorded and considered
for this study. Covering the same time period, a VistA
FileMan (Veteran Affairs, Washington DC) report captured
the basic demographics of all patients tested for SARS-CoV-
2 RT-PCR. The FileMan program is a database management
system for the Veterans Health Information systems and
Technology Architecture user (VistA) environment that was
used in this study to extract the demographic information for
all of the patients. The ethnic composition of the tested Veteran
population was compared with the published demographic in-
formation of the Philadelphia area to (see Table 1) [17, 18].

@ Springer

Results

There was a total population of 1524 patients that were tested
for SARS-CoV-2, of which 713 out of 1524 or 46.8% were
African American (see Table 1). Out of these 1524 patients,
there were a total of 187 Veteran patients (12%) that tested
positive for SARS-CoV-2, of which 139 out of 187 or 74%
were African American (see Table 1). African Americans
were overrepresented in proportion of those testing positive
in a statistically significant manner (p value by chi squared test
<0.05) [19]. The total percentage of the tested population that
was African American was similar to the population percentage
of African Americans in the surrounding metropolitan area
(43.60%) by the local census [17, 18]. Nine patients had a race
identification that was something other than African American
or Caucasian American, thus leaving a remaining quantity of
178 patients that were African Americans or Caucasian
Americans (see Table 2). Two of these 178 patients were treat-
ed outside of Veteran Affairs without available information on
intensive care unit treatment in the available medical record,
and 1 of these 2 was also without information on intubation in
the available medical record. African American ethnicity was
statistically associated (p value <0.05) with intensive care
(ICU) needs compared with Caucasian Americans, odds ratio
3.67 (see Table 2) [20]. There were similar rates of comorbid
conditions between African Americans and other ethnicities
in the categories of cardiovascular disease other than just
hypertension, pulmonary disease, chronic renal disease, hyper-
tension, and diabetes (see Table 2). The rates of the specific
presence of certain comorbid medical conditions were similar
between the different ethnic groups. Additionally, CT/CN
values appeared to be significantly lower in those less than
40 years of age compared to everyone else greater than 50 years
of age (p value <0.05, see Table 1). Out of the 187 veteran
patients who tested positive for SARS-CoV-2, CT/CN values
were available for 157 patients (30 patients had their specimen
sent out to the reference laboratory for which a CT/CN value
would not be available, see Fig. 1). Forty out of the 187 patients
had their SARS-CoV-2 testing performed by the Xpert Xpress
SARS-CoV-2 assay on the Cepheid GeneXpert Infinity plat-
form, and 117 out of the 187 patients had their SARS-CoV-2
testing performed by the Abbott RealTime SARS-CoV-2 assay
on the Abbott m2000 platform (see Fig. 1). Although the aver-
age viral loads (lower cyclic thresholds/numbers) showed low-
er viral loads in African Americans, a measure of statistical
uncertainty (specifically the p value =0.08 for African
Americans vs. everyone else) demonstrated that the difference
in values was not statistically different.

In addition to an overall comparison of CT/CN of the entire
cohort, the CT/CN by ethnic group, gender, and age was
looked at with both individual test assays separated (see
Table 3). Out of the 40 positive tests performed on the Xpert
Xpress SARS-CoV-2 assay on the Cepheid GeneXpert
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Table1 (A) Demographics of study populations, both those who tested
positive and the total population for the ethnic distribution of veterans
being tested. Only those tested in patient care areas serving veterans

specifically were included in the total population. (B) The average and
standard deviations for the CT/CN values for all tested patients including
African American patients and others

A
Demographics
Age (years of age)

<40

40-49

50-59
60-69
70-79
>80
Total

Gender

Male
Female
Total
Race

African American

Caucasian American

Asian

Other

Unknown or declined to state
Total

B

African Americans
Caucasian Americans
Others

Student’s T test (African Americans vs

Numbers in veterans that tested positive (percentage Numbers in control

of veterans that tested positive)
12 (6.4%)

10 (5.3%)

37 (19.8%)
57 (30.5%)
47 (25.1%)
24 (12.8%)
187

Numbers in population that tested positive

178 (95.2%)
9 (4.8%)
187

Numbers in population that tested positive

139 (74.3%)
39 (20.9%)
3 (1.6%)

1 (0.5%)
5(2.7%)
187

Average CT/CN value
19.07
17.61
12.79

. everyone else)=0.08

Student’s T test (African Americans vs. Caucasian Americans)=0.41

Males
Females

Student’s T test (males vs. females)=
0.30

<40 years of age
4049 years of age
50-59 years of age
6069 years of age
70-79 years of age
>80 years of age

Student’s T test (<40 years of age vs.
>50 years of age)=0.003

Average CT/CN value
18.07
22.82

Average CT/CN value
12.27

17.73

18.1

18.94

18.94

19.16

population
247 (16.2%)

201 (13.2%)

318 (20.9%)
403 (26.4%)
268 (17.6%)
87 (5.7%)
1524

Numbers in control
population
1071 (70.3%)

453 (29.7%)

1524

Numbers in control
population

713 (46.8%)

339 (22.2%)

6 (0.4%)

9 (0.6%)

457 (30.0%)

1524

Standard deviation
9.14
8.44
7.63

Standard deviation
8.71
11.83

Standard deviation
5.25

8.63

8.53

891

9.49

10.09

Census data
Age

Under
65 years of
age

65 years and
over

Gender

Male
Female
Race
African
American
Caucasian

American
Asian

Other

Percentages

86%

14%

Percentages
47.30%
52.70%
Percentages
43.60%

44.80%

7.80%
3.90%

@ Springer



J. Racial and Ethnic Health Disparities (2022) 9:1775-1782

1778

SN

£9°0

SLT

'l

9¢°0

L0

(01 ST (%6°L) ¥1
(%6't) 08 (B1°€E) 65
ON SA
$939qeIp Jo A10)sIy Iseq
SN

660

9

994

81°0

0

(9S8 €€ (%¥'€) 9
(%¥'€9) S6 (BLYD vy
ON S

@D Jo A10s1y jsed

SN

620

LTT

$9°0

6€°0

ST0

(%L'ST) 8T %T9) 11
(%¥'T9) 111 (%L'ST) 8T
ON SIX

asedsip Areuowrnd jo L10)s1y )sed
100

S

66'6

L9¢

S1'o

50

(9%00) t¢€ (%€ S
(%€°09) 68 (%¥'L7) 8F
ON SIX

N1 0} paprupy

SN
0L0
7€
Sl
§TT
8¢

(BL9TT  (BISD LT
By L1) 1€ (%L°09) 801
ON SIA

N.LH Jo L10ps1y yseq

SN

oﬁﬂﬁﬁoﬁmo JON

2@232@0 JON

d[qenofed Jo0N

000

SI°0

(%0°T70) 6€ 0
(%8°19) 021 (%TO1) 81
ON SA
ﬂoumsvoh uoneqnmyuy

SN

¥To

[}

0s°0

LT'T

850

(10D 81 (%811 1T
(wv'6v) 88 (%L'8D) 1S
ON SIA

ISBIASIP AD JO AI10)SIY Jsed

SN

88°0

L6'1S

9L9

€00

81°0

(Be10 8¢ (%100 1
(%€99) 811 (%8'1D 1T
ON S

SN

(3 4l0]

LL'T

L80

L1

10°1
(%100 81
(%8°8€) 69
ON

onpea d
(ID 9%$6) one1 SPPo JO JI| MO
(ID %$6) oner sppo jo ] Joddn
OleI SPPO
SUBOLIOWY UBISLONR)) I0J SPPO
SUBOLIOWY UBOLIY 10J SPPO
C.NQCDE«Q Emmmwoz.mO

uedLwy uedLyy AdeY

onpea d
(ID 9S6) 0L SPPO JO JIUI] JomO']
(1D %S6) oner sppo jo yruur] 1addn
oner sppQo
SUBOLIOWY UBISBINE)) I0J SPPO
SUBOLIOWY UBOLY 10J SPPO

(%811) 1T UeOLAWY UBISEdNE))
(%€°6€) 0L
SIX

UBOLIOWY UBOLYY 908y

YPedq Surioyuow [edpawr paambai ao pazipepdsoy

SOUI0IINO PUB LY

Y€ ‘0T-61

sourjoping paysijqnd 1od se peje[nofes sonsne)s JuedIusIs

A[Teonsnje)s J0u S PUB ‘TeAIR)UT d0UIPUO0O 7)) ‘UotsuopodAy A7/ ‘NILH Uel) IOU)0 SeasIp Je[NOSEAOIPIED A ‘OSEISIP AQUPTY OTUOIYD (7)) ‘FU[) I8 SAISUU] ))] "UOISSIWIPE JIUN JIBD JAISUUT
JO YSLI Ul 9SBIOUT JULITUSIS ) 9)1dSap SUOHIPUOI [BIIPIW PIQIOUIOd JO 30UdsaId oY) UT SOOUIDIFIP JULILIUSIS A[[RONISIIE)S JOU QIOM IO ], *JIUN dTLD JAISUAUI ) 0) PANTUIPE 3q 0) A[ONI] I0W dI9M sjudned

UROLIOWY UBOLIFY UOTYM JOJ )IU() I SAISUU] Y} 0} UOISSIWIPE sem dzIs o[dues o) J0J 90uedyTuSIs [ednsne)s Yim awoono Auo oy, "ANOTUy)o Yim SSW0dINo JO SUONE[NIEd [ednsIe)S

z aIqeL

pringer

Qs



J. Racial and Ethnic Health Disparities (2022) 9:1775-1782

1779

Infinity platform, 31 were from African American patients and
9 on Caucasian American patients. Average CT/CN values
was 24.4 for Caucasian American patients and 28.1 for
African American patients; although the average viral load
from these CT/CN values is lower for African Americans,
the measure of statistical uncertainty (p value of 0.26 by the
T test) was not statistically different (see Table 3). Of the 117
positive tests performed on the Abbott RealTime SARS-CoV-
2 assay on the Abbott m2000 platform, 84 were African
American, 25 were Caucasian American, and other/mixed ra-
cial backgrounds constituted 8 patient tests (see Table 3). The
average CT/CN values on the Abbott platform for the
Caucasian American patients (14.4) were similar to the aver-
age for the African American patients (15.7). Among the 30
patient specimens sent to a reference laboratory from which a
CT/CN value was unavailable, 24 were African American, 5
Caucasian American, and 1 is of unknown or declined to state
race.

Discussion

Race and ethnicity are risk markers for worse health outcomes
[3-15, 17, 21, 22]. 1t is known that race and ethnicity is a
marker for patients who are more likely to be disadvantaged
by society in regard to socioeconomic status, reduced access
to quality health care, and even increased likelihood of being
an essential worker who could be exposed to the virus [6, 14,
21, 22]. These adverse conditions could lead to increased sus-
ceptibility to infection, with a potential biological mechanism
being weakened cell-mediated immunity due to adverse con-
ditions [7]. However, it does not appear that race by itself is
the factor leading to worse outcomes, but rather that race is a
marker of socioeconomic disadvantage [6, 9, 14, 21, 22]. It is
then the adverse socioeconomic disadvantage or societal dis-
crimination that is leading to the worse outcomes both in

Fig. 1 Proportion of positive
SARS-CoV-2 tests by platform
utilized. CT/CN values were
obtained by all positive tests on
the Abbott and Cepheid
platforms. CT/CN, cycle
threshold/cycle number

general health, ICU admissions, and in COVID-19 outcomes.
Indeed, a study by Kabarriti et al demonstrated that providing
complete access to medical services equally in a comprehen-
sive health care environment would significantly ameliorate
the observed racial tendency toward worse outcomes for
African Americans [9]. The fact that this amelioration occurs
constitutes further evidence that race is simply a marker of
another socioeconomic factor that is the actual reason for the
observed correlation with worse outcomes. This amelioration
with comprehensive care, which would be provided by the
regional VAMC, provides a reason why the other outcomes
(i.e. hospitalization, death, intubation, and comorbid medical
conditions) were not statistically worse in African Americans
in this study. Given the likelihood that race is a marker for a
socioeconomic factor, a potential future direction for addition-
al research in the future would be to evaluate the CT/CN value
differences based on a measure of socioeconomic status.
Additionally, the observation that comprehensive care can
ameliorate the observed differences in outcomes based on race
suggests the need for interventions to address the contextual
conditions facing vulnerable subgroups (i.e., through im-
proved education, reduction of poverty, and/or other ongoing
stressors) in order to ensure the equitable complete access that
would reduce or eliminate the disparity in health outcomes.
Interestingly, there appeared to be a statistically significant
difference in CT/CN values in those <40 years and those
>50 years of age. This suggests that those who are younger
but still come to medical attention for a positive test tend to
have higher viral loads.

It is known that the Veteran population is a different popu-
lation from the rest of the general population [23-25]. These
differences occur to such an extent that population-based med-
ical risk factor findings in the general population do not always
apply completely to the different Veteran population [23-25].
The Veteran population treated at a VAMC has access to an
integrated health care system that is unlike the separate and

Distribution of SARS-CoV-2 Positive Tests by Testing Platform

= Xpert Xpress SARS-CoV-2 assay on the Cepheid GeneXpert Infinity

= Abbott RealTime SARS-CoV-2 assay on the Abbott m2000

Other (CT/CN value not available)

@ Springer
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Table 3 Demographic summary
by testing platform. (A) Xpert
Xpress SARS-CoV-2 assay on
the Cepheid GeneXpert Infinity
platform, (B) Abbott RealTime
SARS-CoV-2 assay on the
Abbott m2000 platform, and (C)
patients whose specimens were
sent to a reference laboratory
whereby a CT/CN value would
not be available

non-integrated multitude of private health care settings.
Particularly, the VAMC is an equal access provider of medical
care regardless of socioeconomic status, ethnicity, or the ability
to pay. In addition, the Veteran population has been

@ Springer

A. Cepheid
African Americans
Caucasian Americans

Student’s T test (African Americans vs. Caucasian Americans)=p value of 0.26

Males
Females

Total number (%)
31 (77.5%)
9 (22.5%)

Total number (%)
38 (95%)
2 (5%)

Student’s T test (males vs. females)=p value of 0.56

<40 years of age
40-49 years of age
50-59 years of age
60-69 years of age
70-79 years of age
>80 years of age

B. Abbott

African Americans
Caucasian Americans
Other

Student’s T test (African Americans vs. Caucasian Americans)=p value of 0.37

Males

Females

Total number (%)
1 (2.5%)

2 (5%)

7 (17.5%)

14 (35%)

8 (20%)

8 (20%)

Total number (%)
84 (71.8%)

25 (21.4%)

8 (6.8%)

Total number (%)
111 (94.9%)
6 (5.1%)

Student’s T test (males vs. females)=p value of 0.35

<40 years of age

40-49 years of age

50-59 years of age

6069 years of age

70-79 years of age

>80 years of age

C. Test sent to reference lab
African Americans
Caucasian Americans

Unknown/Declined to state

Males

Females

<40 years of age
40-49 years of age
50-59 years of age
6069 years of age
70-79 years of age
>80 years of age

Total number (%)
9 (7.7%)

6 (5.1%)

25 (21.4%)

36 (30.8%)

26 (22.2%)

15 (12.8%)

Total number (%)
24 (80%)

5 (1.7%)

1 (3.3%)

Total number (%)
29 (96.7%)

1 (3.3%)

Total number (%)
2 (6.7%)

2 (6.7%)

5 (16.7%)

7 (23.3%)

13 (43.3%)

1 (3.3%)

Average CT/CN value
28.1
24.37

Average CT/CN value
26.86
35

Average CT/CN value
19

212

28.53

27.64

28.9

27.25

Average CT/CN value
15.73

14.44

12.79

Average CT/CN value
15.07
18.77

Average CT/CN value
11.52
16.59
15.45
15.56
15.88
14.84

documented to generally have more comorbidities and suscep-
tibilities to disease compared to the general population; Veteran
patients at VAMCs are indeed sicker on average [23-25].
Population-based studies oftentimes need to be conducted in
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not only the general population but also the Veteran population
in order to ensure applicability of the population findings. This
study involved the Veteran population exclusively, and thus
provides useful population-based data by ethnicity, outcomes,
and CT/CN values for this population. However, given the
sparsity of published literature on CT/CN values for the general
population by ethnicity, further study of a non-veteran or gen-
eral population would be useful to answer the question of
whether measured CT/CN values (a surrogate for SARS-
CoV-2 viral load) differ by ethnicity in the general population.

Given the documentation about the differences between the
Veteran and general population, prior studies of Veterans re-
ceiving care by the Department of Veteran Affairs have doc-
umented African American Veterans experiencing an excess
burden of SARS-CoV-2 infection that is not due exclusively
to more comorbid medical conditions [26-28]. Similarly, in
this study, African American patients were statistically signif-
icantly more likely to test positive and more likely to have
severe disease requiring admission to an ICU in this study,
despite having comparable comorbid medical conditions to
other Veteran patients. Interestingly, though not statistically
significant in the entire data set between both testing plat-
forms, it was noted that Veterans who were not African
American had on average lower CT/CN values and thus
higher viral loads on testing. It is known that CT/CN values
or viral loads differ based on when the patient presents during
their disease course [29—33]. For patients who become symp-
tomatic, CT/CN values are generally lowest in the first week
of symptom onset (corresponding to higher viral load) partic-
ularly in the first few days and then increase with the passage
of time as the viral load diminishes [29-33]. Therefore, the
ability of the patient to seek prompt medical care may impact
the CT/CN value measured on presentation; a significant de-
lay to presentation may lead to higher measured CT/CN
values. A delay in seeking prompt care in serious medical
situations can reasonably lead to worse outcomes. Even
though lower CT/CN values are associated with increased
mortality and intubation risk, the non-statistically significant
inclination toward higher CT/CN values in the African
American patients did not lead to better outcomes as African
American patients were more likely to require ICU care
(Table 2).

Conclusion

While African Americans tended to test positive at higher
rates and require more ICU care, viral load and presence of
specific comorbid medical conditions were not significantly
different in African American Veterans. This again demon-
strates the increased risk of COVID-19 disease in African
Americans even despite similar comorbid medical conditions
and viral load or CT/CN values.
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