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Abstract

The relationship between COVID-19 severity and viral load is unknown. Our objective was to assess the association between
viral load and disease severity in COVID-19. In this single center observational study of adults with laboratory confirmed
SARS-CoV-2, the first positive in-hospital nasopharyngeal swab was used to calculate the log10 copies/ml [log10 copy num-
ber (CN)] of SARS-CoV-2. Four categories based on level of care and modified sequential organ failure assessment score
(mSOFA) at time of swab were determined. Median logl0CN was compared between different levels of care and mSOFA
quartiles. Median logl0CN was compared in patients who did and did not receive influenza vaccine, and the correlation
between loglOCN and D-dimer was examined. We found that of 396 patients, 54.3% were male, and 25% had no major
comorbidity. Hospital mortality was 15.7%. Median mSOFA was 2 (IQR 0-3). Median loglOCN was 5.5 (IQR 3.3-8.0).
Median logl0CN was highest in non-intubated ICU patients [6.4 (IQR 4.4-8.1)] and lowest in intubated ICU patients [3.6
(IQR 2.6-6.9)] (p value <0.01). In adjusted analyses, this difference remained significant [mean difference 1.16 (95% CI
0.18-2.14)]. There was no significant difference in logl0CN between other groups in the remaining pairwise comparisons.
There was no association between median logl 0CN and mSOFA in either unadjusted or adjusted analyses or between median
loglOCN in patients with and without influenza immunization. There was no correlation between log10CN and D-dimer. We
conclude, in our cohort, we did not find a clear association between viral load and disease severity in COVID-19 patients.
Though viral load was higher in non-intubated ICU patients than in intubated ICU patients there were no other significant
differences in viral load by disease severity.
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Introduction

COVID-19, the illness caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), was first reported
in December 2019 [1] and was declared a pandemic by the
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Early indicators of disease severity could help inform
which treatments, such as antivirals, could be effective. Such
indicators would also be helpful in determining the likeli-
hood a patient will require escalation of the level of care
[e.g. admission to an intensive care unit (ICU)]. In addi-
tion, as increasing viral load is associated with an increased
transmissibility of COVID-19 [8], if viral load were associ-
ated with disease severity, this could help guide policies on
infection control. Based on the finding of higher viral load in
intubated patients in one study [9], the Centers for Disease
Control (CDC) modified their recommendation to consider
disease severity before removing isolation precautions at day
10 of a patient’s illness [10]. However, currently the relation-
ship between viral load and disease severity in COVID-19
is not well-established.

Physicians and researchers have compared COVID-19 to
influenza [11-13] possibly because of the general public’s
better understanding of the flu. In addition, there is simi-
larity in structure between coronavirus and influenza [14,
15]. Due to the similarity in structure and cross reactivity
in immunity between coronavirus and influenza, influenza
vaccination providing some protection against COVID-19
has been suggested [16].

To help address the knowledge gap of the relationship
between viral load and COVID-19 disease severity, we
undertook the following study to compare the viral load at
hospital presentation in patients with COVID-19 of differ-
ent disease severities. We hypothesized that the viral load
will be higher in more severe COVID-19 disease and also
compared viral load in patients with and without influenza
vaccination.

Methods
Study design

This is a single center observational cohort study of adult
(=18 years) COVID-19 patients who presented either in the
ED or were directly admitted to the Medical/Surgical Unit or
ICU, with their first positive SARS-CoV-2 nasopharyngeal
swab conducted at our institution. Patients admitted from
March 1 until April 30, 2020, were included as this period
corresponds to the beginning of the initial peak of COVID-
19 cases in Boston. The Institutional Review Board at Beth
Israel Deaconess Medical Center approved this study.

Sample collection and sampling methodology
The SARS-CoV-2 positive nasopharyngeal swabs which
were obtained from the patients presenting to the hospital

were used to calculate viral load [represented as log10 cop-
ies/mli.e. loglOCN (Copy Number)]. Nasopharyngeal swabs
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of the patients were tested for SARS-CoV-2 using Aldatu
PANDAA gDx™ SARS-CoV-2 Reagents or the Abbott
RealTime SARS-CoV-2 assay on the Abbott m2000 Sys-
tem. Cycle threshold (CT) value is a semi-quantitative value
of viral genetic material [17]. It is inversely proportional
to viral load and is being used in COVID-19 studies as a
surrogate of viral load [2—4]. The Abbott RealTime assay
provides a CT calculation called fractional cycle number
[18]. We used the AACT method (ACT for the target sam-
ple—ACT for the reference positive sample) to calculate the
copy number of SARS-CoV-2 in each sample. ACT for each
sample was calculated as CT (SARS-CoV-2) — CT (internal
control). The fold change for each sample compared to the
positive control (1000 copies) was calculated as 244€D),
The copy number of SARS-CoV-2 for each sample is cal-
culated as 1000 X [224€D)] 1og10 copy number for each
sample were used as viral load.

Study patients, data abstraction and handling
of missing data

COVID-19 positive patients were identified using Interna-
tional Classification of Disease-10 (ICD-10) codes (B342,
B972, B9721, B9729, J1281, U071). From this cohort,
only in-house laboratory-confirmed COVID-19 cases were
included in this study. In patients with multiple tests, only
the first positive swab was used. Laboratory confirmed
COVID-19 patients missed by the above method were
found by direct daily abstraction of positive CT values by
a trained laboratory technician and were manually included
in the study population. Existing inpatients who developed
COVID-19 symptoms and later tested positive for the virus
were labeled as nosocomial COVID-19 and excluded from
this study (see table S1 for definitions and calculations).
Patients for whom the internal control was not detected dur-
ing polymerase chain reaction analysis were excluded from
the study.

Study data were obtained from the patient’s electronic
medical record (EMR) and reviewed by trained research
assistants and physicians. This data included patient demo-
graphics, highest D-dimer, time of swab and patient location
at the time of swab, duration of hospital and ICU admission,
intubation status, disposition and self-reported information
on patient’s influenza immunization status for the current
flu season (beginning from Fall 2019). In addition, vital
signs and laboratory findings pertinent to modified sequen-
tial organ failure assessment (mSOFA) score (excluding the
neurologic subscore) calculation were obtained, if available
within 24 h (before or after) of the positive SARS-CoV-2
result. Missing mSOFA subscore variables were imputed as
normal. SOFA score calculations were done based on our
previous work [19].
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Outcomes

To categorize severity of disease, patients were divided
into four groups based on their highest level of care in the
12 h following nasopharyngeal swab collection. Categories
included: (1) ICU and intubated, (2) ICU and not intubated,
(3) Medical/Surgical floor, or (4) ED discharge. Patients who
stayed in the ED for more than 24 h were considered admit-
ted and placed in the Medical/Surgical floor category.

SOFA score is a commonly used scoring system for pre-
dicting disease severity [20]. The data on neurologic SOFA
subscore was not available in EMR especially for the Medi-
cal/Surgical and ED patients, and hence the mSOFA score,
which excludes the neurologic component and has been used
commonly [21-23], was used. In addition, we evaluated the
correlation between viral load and D-dimer, which has been
shown to be associated with disease severity [24-26]. We
excluded ED discharge patients for this analysis as D-dimer
was not consistently measured in this population.

Primary outcome: The primary outcome was the differ-
ence in viral load by the four pre-defined groups of level of
care. Secondary outcomes: Secondary outcomes included
the association of viral load with the mSOFA score; the dif-
ference in viral load in patients who did and did not receive
influenza vaccination; and correlation of viral load with
highest D-dimer.

Statistical analysis

Descriptive statistics are reported as means with standard
deviations, medians with interquartile ranges, or counts
with frequencies, depending on the type and distribution of
data. For continuous outcomes, comparison amongst groups
were made using Wilcoxon rank-sum tests or Kruskal-Wal-
lis tests, based on the number of groups being compared. If
the overall Kruskal-Wallis test had a p value <0.05, com-
parisons were made using Dunn’s test for nonparametric
pairwise multiple comparisons. The mSOFA was divided
into four quartiles for comparison based on the distribu-
tion of data (score 0 =quartile 1, score 1 =quartile 2, score
2-3 =quartile 3 and score 4-11 =quartile 4). To adjust for
age, sex and having no major comorbidity, multivariate lin-
ear regression was used to compare viral load in patients
based on their location at the time of swab, and based on
their mSOFA scores (as a continuous predictor). The corre-
lation between viral load and highest D-dimer was evaluated
using Spearman’s rank correlation coefficient.

To eliminate any discrepancies caused by combining
the estimates from two different assays, a sensitivity anal-
ysis was performed by limiting the analyses to the 85.9%
of patients tested using the Abbott RealTime SARS-CoV-2
test.

All statistical analyses will be performed using Stata ver-
sion 16 (StataCorp, College Station, TX). A two-sided p
value < 0.05 will be considered statistically significant.

Results

Information on viral load was present in 437 patients. In
41 patients (8.6%), the internal control failed and logl10CN
values were not able to be calculated with internal control
correction as the internal control failed. These 41 patients
were excluded from further analyses, leaving a total of 396
patients included in the study (Table 1, Fig. 1).

Descriptive statistics

Of the 396 patients, 215 (54.3%) were male, 146 (36.9%)
were Caucasian, and 136 (34.3%) were African—American.
No major comorbidity was seen in 99 (25.0%) patients. The
median mSOFA score for the population was 2 (IQR 0-3)
with median mSOFA of 0 (IQR 0-0) in the ED discharge
group and median mSOFA of 6 (IQR 4-7) in the intubated
ICU group. Hospital mortality in the cohort was 15.7%. In
the 270 patients with influenza vaccination information, 152
(56.3%) received the influenza vaccine.

Viral load by disease severity

Median viral load was 5.5 (IQR 3.3-8.0). Median viral
load was highest in non-intubated ICU patients [6.4 (IQR
4.4-8.1)] and lowest in intubated ICU patients [3.6 (IQR
2.6-6.9)]. This difference was statistically significant.
Median viral load was 5.6 (IQR 3.2, 8.1) in Medical/Surgi-
cal floor patients and 4.9 (IQR 3.8, 7.4) in ED discharge
patients (Fig. 2). There was no statistically significant dif-
ference between any of the other groups (p value >0.05)
(Table 2). There was also no statistically significant asso-
ciation between median viral load and quantile of mSOFA
score (p value 0.20) (Table 3). No correlation was seen
between viral load and highest D-dimer (Spearman’s rho
0.02, p value 0.73).

Adjusted analyses

In the adjusted model controlling for age, sex, and having
no major comorbidities, viral load was significantly higher
in non-intubated ICU compared to intubated ICU patients
with mean difference of 1.16 (95% CI1 0.18-2.14). No dif-
ference was observed comparing intubated ICU patients
to Medical/Surgical floor patients or to ED discharge
patients. After adjusting for the same covariates as above,
there was no statistically significant association between
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Table 1 Patient characteristics

Total
N=396 (100.0%)

Intubated ICU
N=47 (11.9%)

Non-intubated ICU
N=75(18.9%)

Medical/surgical
N=228 (57.6%)

ED discharge
N=46 (11.6%)

Patient demographics
Male n (%)
Age, mean (SD)
Race, n (%)
Asian
African—American
Other

Unknown/not
reported

Caucasian
BMI?, median (IQR)
Missing BMI (n %)

215 (54.3%)
64.8 (17.0)

18 (4.5%)
136 (34.3%)
45 (11.4%)
51 (12.9%)

146 (36.9%)
29.9 (26.1-34.2)
98 (24.8%)

Past medical history, n (%)

No major comorbidi-

ties
CAD®
CHF*
Cancer
copp¢
Dementia/Alzhei-
mer’s
Diabetes
Renal disease
Liver disease
Arrhythmia
Alcohol use disorder
Stroke
Transplant
HIV/AIDS®
Asthma
Morbid obesity
(BMI>40)
SOFA, median (IQR)

Modified total SOFA

score
Respiratory SOFA
Cardiac SOFA
Coagulation SOFA
Liver SOFA

Renal SOFA

99 (25.0%)

52 (13.1%)
47 (11.9%)
60 (15.2%)
37 (9.3%)

44 (11.1%)

140 (35.4%)
75 (18.9%)
17 (4.3%)
50 (12.6%)
23 (5.8%)
32 (8.1%)

4 (1.0%)
4(1.0%)

51 (12.9%)
34 (8.7%)

2(0-3)

0 (0-1)
0 (0-0)
0 (0-0)
0 (0-0)
0 (0-1)

Lab values, median (IQR)

Viral load

(log10CN), median

(IQR)

Highest D-dimer,
median (IQR)
Missing D-dimer,

n(%)

Influenza immunization

Influenza immuniza-
tion, n (%)

5.5(3.3,8.0)

28 (59.6%)
59.4 (14.5)

5 (10.6%)
8 (17.0%)
6 (12.8%)
15 (31.9%)

13 (27.7%)
31.5 (28.8-37.5)
3 (6.4%)

17 (36.2%)

6 (12.8%)
4 (8.5%)
4 (8.5%)
5 (10.6%)
3 (6.4%)

16 (34.0%)
3 (6.4%)

2 (4.3%)

3 (6.4%)
5(10.6%)
3 (6.4%)

0 (0.0%)

0 (0.0%)

3 (6.4%)
7(15.2%)

6 (4-7)

3 (2-4)
0 (0-3)
0 (0-1)
0 (0-0)
0 (0-1)

3.6(2.6,6.9)

1504.0 (743.0-4416.0) 4126.5 (2063.0—

79 (20.0%)

152 (56.3%)

15,764.0)
1(2.1%)

8 (36.4%)

42 (56.0%)
72.4 (13.2)

3 (4.0%)
21 (28.0%)
7 (9.3%)

8 (10.7%)

36 (48.0%)
28.9 (25.5-32.7)
12 (16.0%)

10 (13.3%)

8 (10.7%)

14 (18.7%)
14 (18.7%)
13 (17.3%)
11 (14.7%)

29 (38.7%)
19 (25.3%)
3 (4.0%)
14 (18.7%)
4(5.3%)

8 (10.7%)
0 (0.0%)
1(1.3%)

9 (12.0%)
4(5.3%)

2 (1-4)

1(0-2)
0 (0-0)
0 (0-0)
0 (0-0)
1 (0-2)

6.4 (4.4,8.1)

1640.0 (938.0-7134.0)

8 (10.7%)

25 (55.6%)

118 (51.8%)
65.7 (17.2)

7 (3.1%)
88 (38.6%)
25 (11.0%)
22 (9.6%)

86 (37.7%)
29.9 (25.4-34.2)
40 (17.5%)

51 (22.4%)

36 (15.8%)
28 (12.3%)
40 (17.5%)
17 (7.5%)

29 (12.7%)

87 (38.2%)
52 (22.8%)
10 (4.4%)
31 (13.6%)
12 (5.3%)
20 (8.8%)
4(1.8%)

2 (0.9%)
27 (11.8%)
23 (10.2%)

1(0-2)

0 (0-1)
0 (0-0)
0 (0-0)
0 (0-0)
0(0-1)

57(3.2,8.1)

1105.0 (672.0-2102.0)

27 (11.9%)

101 (61.6%)

27 (58.7%)
53.6 (16.8)

3(6.5%)
19 (41.3%)
7 (15.2%)
6 (13.0%)

11 (23.9%)
34.4 (18.3-38.6)
43 (93.5%)

21 (45.7%)

2 (4.3%)
1 2.2%)
2 (4.3%)
2 (4.3%)
1 2.2%)

8 (17.4%)
1(2.2%)

2 (4.3%)

2 (4.3%)

2 (4.3%)
1(2.2%)

0 (0.0%)

1 (2.2%)
12 (26.1%)
0 (0.0%)

0 (0-0)
0 (0-0)
0 (0-0)
0 (0-0)
0 (0-0)
0 (0-0)

4.9 (3.8,7.4)

313.0 (304.0-886.0)

43 (93.5%)

18 (46.2%)
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Table 1 (continued)

Intubated ICU
N=47 (11.9%)

Total
N=396 (100.0%)

Non-intubated ICU
N=75(18.9%)

Medical/surgical
N=228 (57.6%)

ED discharge
N=46 (11.6%)

Missing influenza 126 (31.8%) 25 (53.2%) 30 (40.0%) 64 (28.1%) 7 (15.2%)

immunization,

n(%)
Mortality

n (%) 62 (15.7%) 14 (29.8%) 23 (30.7%) 25 (11.0%) N/A
“Body Mass Index
Coronary artery disease
“Congestive heart failure
dChronic obstructive pulmonary disease
®Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome
Total patients screened
and manually added
(n=629)
Excluded:

1)Not in study period (n=116)
2)Nosocomial infection (n=0)
3)No COVID-19 test ordered (n=16)

4)COVID-19 test ordered as
outpatient (n=57)

5)Missed (n=3)

6)Failed internal control (n=41)

Total included (n=396)

Non-intubated ICU

Intubated ICU (n=47) (n=75)

Fig.1 Consort diagram

viral load and mSOFA score with a mean difference of
0.01 (95% CI — 0.12 to 0.13) per unit increase in mSOFA
score (Table 3).

Viral load and influenza immunization

There was no statistically significant difference in median
viral load based on influenza immunization status [median
log10CN in immunized patients 5.2 (IQR 3.2, 8.0) versus
in non-immunized patients 5.2 (IQR 3.3, 8.1); p value 0.78]
(Table S2).

Medical/Surgical

(n=228) ED Discharge (n=46)

Sensitivity analyses

In a sensitivity analysis only including patients whose viral
load was obtained using Abbott RealTime SARS-CoV-2
(340 patients), there was no statistically significant differ-
ence between viral load in different levels of care in both
unadjusted and adjusted analyses. No statistically significant
difference was seen comparing viral load to mSOFA in both
unadjusted and adjusted analyses, and no differences were
seen in viral load based on influenza immunization status.
Please see Table S3 for complete details of the sensitivity
analysis.
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10

Viral Load
(log10copynumber)

Intubated ICU Non-intubated ICU Medical/Surgical Floor ED Discharge
lliness Group

Fig.2 Viral load in different disease severity

Table 2 Comparison of viral load (log10CN) in different disease severity

(A) Unadjusted pairwise comparison

Illness group logl0OCN (median, IQR) p value (Kruskal-Wallis)
Intubated ICU 3.6 (2.6, 6.9) 0.01

Non-intubated ICU 6.4 (44,8.1)

Medical/surgical floor 5.6 (3.2,8.1)

ED discharge 4.9 (3.8,7.4)

Pairwise comparisons (using Dunn’s test)

Intubated ICU Non-intubated ICU Medical/
surgical
floor

Non-intubated ICU <0.01
Medical/surgical floor 0.05 0.41
ED discharge 0.87 0.17 0.97
(B) Adjusted comparison®
Mean difference p value 95% Confidence Interval
Non-intubated ICU 1.16 0.02 (0.18,2.14)
Medical/surgical floor 0.74 0.08 (-=0.09, 1.57)
ED discharge 0.81 0.13 (—0.25,1.88)

#Using linear regression with Intubated ICU group as the reference

$Covariates used are age, sex and no major comorbidities
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Table 3 Comparison of viral load (log10CN) with modified sofa score

(A) Unadjusted comparison

mSOFA quartile logl0CN (median, IQR) p value (Kruskal-Wallis)
1 (m SOFA =0) 4.6 (3.0,7.6) 0.20
2 (mSOFA=1) 5.7(3.4,7.9)
3 (mSOFA =2-3) 5.73.3,82)
4 (mSOFA =4-11) 6.2 (3.4,8.0)
(B) Adjusted comparison® 3
Mean difference p value 95% CI
1 unit increase in mSOFA 0.01 0.92 (= 0.12,0.13)

No pairwise comparisons performed as overall Kruskal-Wallis is not significant

#Using linear regression

$Covariates used are age, sex and no major comorbidities

Discussion

Our study focuses on the comparison of viral load between
different categories of disease severity. We found that the
median viral load was higher in non-intubated ICU patients
as compared to intubated ICU patients in both unadjusted
and adjusted analyses, but there was no difference in viral
load between other groups. In addition, there was no associa-
tion seen between viral load and mSOFA score or between
viral load and patient influenza vaccination status. How-
ever, when the analyses were restricted to only the 86% of
patients whose viral load was obtained using Abbott Real-
Time SARS-CoV-2, even the difference between intubated
ICU patients and non-intubated ICU patients was no longer
significant.

Healthcare professionals, researchers and the lay-public
have compared COVID-19 and influenza characteristics
[11-13, 27]. In influenza, studies have found a positive
relationship between viral load and disease severity [28—31]
but there is conflicting data regarding this relationship in
COVID-19 [2, 3, 5-7]. One explanation for this could be that
in severe COVID-19 patients, viral pneumonia progresses to
acute respiratory distress syndrome (ARDS) [32], which is
the main driver of intubation in COVID-19 [12] and presents
relatively later in the disease course. Due to the temporal
relationship between viral load in COVID-19 and disease
progression wherein viral load decreases with duration of
the disease [5, 33, 34], by the time COVID-19 patients are
intubated, they may be in the latter part of their disease,
which could explain their relatively lower viral load.

Barring the intubated ICU group where the viral load
was the lowest, the viral load in this study did appear to
increase with increasing severity based on levels of care,
but there was no statistically significant difference between
these groups (Table 2). In addition to comparing the viral
load between four categorical disease severity groups, we

analyzed the association of the viral load in COVID-19 with
a patient’s mSOFA score. In our study, the viral load was not
associated with the mSOFA, further supporting the lack of a
clear association between viral load in COVID-19 patients
and disease severity.

Van Kampen et al. [9] reported that intubated COVID-19
patients have higher viral loads and prolonged viral shedding
and suggested considering disease severity before remov-
ing isolation precautions. Based on this finding, the CDC
modified their recommendations and suggested incorporat-
ing severity status into the decision to remove isolation pre-
cautions [10]. Conventional wisdom suggests that isolation
precautions are most necessary during the most severe stages
of disease. Our data, however, argues that there is a strong
need to maintain isolation precautions during handling of
COVID-19 patients irrespective of their disease severity;
in fact it might be more important in patients who are not
intubated.

There is a hypothesis that prior immunization against
influenza provides improved immunity against SARS-CoV-2
[16]; however, in our study population both influenza immu-
nized and non-immunized patients had similar viral load
(p value 0.78). Any infection, like COVID-19, induces a
cascade of events leading to activation of fibrinolytic sys-
tem and production of D-dimer [35], and it increases with
increasing viral load [35]. In our study, we did not find a
correlation between D-dimer and viral load.

Our study results taken together did not show a clear rela-
tionship between viral load and disease severity. Though not
a focus of this manuscript, other inflammatory and cytokine
markers like D-dimer, interleukin, interferon-y, TNF-a etc.
have shown promise in being associated with COVID-19
disease and disease severity [24, 36].

Our study has the following limitations. First, this is a
retrospective study and our result of higher viral load in non-
intubated ICU patients compared to intubated ICU patients
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was not statistically significant in sensitivity analyses. Sec-
ond, our study design did not allow us to gather data on
onset and duration of COVID-19 symptoms and hence we
were unable to account for disease duration prior to testing.
Finally, viral load measurement is dependent on the quality
and quantity of the specimen obtained by the nasopharyn-
geal swab; variation in this could have affected our results.
However, due to lack of better, relatively non-invasive and
simpler techniques to obtain mucus specimens in COVID-19
patients, this is currently the best available method.

Conclusion

In our cohort, we did not find a clear association between
viral load and disease severity in COVID-19 patients. Viral
load was higher in non-intubated ICU patients than in intu-
bated ICU patients though this difference was not seen in
the sensitivity analysis. There was no difference in viral load
between intubated ICU patients and patients with other lev-
els of care or between patients with disease severity stratified
by mSOFA.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11739-021-02786-w.
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