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A B S R A C T

Since SARS-CoV-2 spreads rapidly around the world, data have been needed on the natural fluctuation of viral
load and clinical indicators associated with it. We measured and compared viral loads of SARS-CoV-2 from
pharyngeal swab, IgM anti-SARS-CoV-2, CRP and SAA from serum of 114 COVID-19 patients on admission.
Positive rates of IgM anti-SARS-CoV-2, CRP and SAA were 80.7%, 36% and 75.4% respectively. Among IgM-
positive patients, viral loads showed different trends among cases with different severity, While viral loads of
IgM-negative patients tended to increase along with the time after onset. As the worsening of severity, the
positive rates of CRP and SAA also showed trends of increase. Different CRP/SAA type showed associations with
viral loads in patients in different severity and different time after onset. Combination of the IgM and CRP/SAA
with time after onset and severity may give suggestions on the viral load and condition judgment of COVID-19
patients.

Dear Editor

I'm sending a original article entitled “Association of Viral Load
With Serum Biomakers Among COVID-19 Cases”, which we would
like to submit for publication in VIROLOGY. No part of this article has
been published or submitted elsewhere, and no conflict of interest exists
in the submission of this manuscript.

In this article, we investigated the natural fluctuation of viral load
among COVID-19 cases before antiviral therapy and the serum bio-
markers associated with it. We found the viral loads had different
trends and peaked at different time among COVID-19 patients.
Combining the detection of IgM anti-SARS-CoV-2, C-reactive protein
and Serum amyloid A may give suggestions on the viral load and
condition judgment of COVID-19 patients at different stages of illness.
The changes of viral load among patients of different clinical severity
and different time after onset also can be tracked and used to inform
public health policies to prevent the spread of SARS-CoV-2.

The findings may facilitate the prevention and control of COVID-19.

1. Introduction

SARS-CoV-2 has been the focus of worldwide attention. In February,
the World Health Organization has declared it a public health emer-
gency of international concern. Within three months, as of March 31st,
SARS-CoV-2 has spreaded around the world with 750890 confirmed
cases and 36405 deaths (O. novel-coronavirus-20, 2019). The number is
still increasing.

Since the discovery of SARS-CoV-2, scientists and doctors from
various countries have done a lot of work in the past three months. The
genome variations (Zhu et al., 2019; Phan, 2020), epidemiological
(Chen et al., 2020) and clinical characteristics (Wang et al., 2020) and
other investigative findings (Ahmed et al., 2020) have been previously
described, but the natural fluctuation of viral loads among different
COVID-19 cases before antiviral therapy were still not well presented
(Kam et al., 2020; Kim et al., 2020; Zou et al., 2020; Pan et al., 2020; To
et al., 2020). The clinical indicators associated with the load changes at
different stages of the illness are also largely unknown.

Here, we explored the association of viral load with IgM anti-SARS-
CoV-2 (IgM), C-reactive protein (CRP) and Serum amyloid A (SAA)
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among COVID-19 patients on admission, to find the clues that may
facilitate the prevention and treatment of this infectious disease.

2. Methods

2.1. Samples and data collection

As of February 4th, samples collected on admission from Jiangsu
Province of China were sent to our laboratory to confirm the infection
of SARS-CoV-2. Real-time reverse-transcriptase polymerase-chain-re-
action (RT-PCR) assay (BioGerm, China) was used to detect SARS-CoV-
2 nucleic acids from pharyngeal swab samples. Only laboratory con-
firmed cases were included in this study. Clinical data were obtained
from patients’ medical records. According to the severity of pneumonia
based on radiologic assessments (NHC China), these patients were
classified into non-pneumonia group, pneumonia group and severe
pneumonia group in this study. The days after onset was the interval
between the date of sampling when on admission and the date of onset.
All data were cross-checked.

2.2. Serum biomakers detection

IgM Anti-SARS-CoV-2, CRP and SAA were measured with dry
fluorescence immunoassay (Lansionbio, China) from the serum of the
COVID-19 cases. According to the manufacturer's instruction, IgM
concentrations ≥0.04 AU/mL, CRP concentrations> 10 μg/mL, and
SAA concentrations ≥10 μg/mL were judged as positive and marked as
IgM(+), CRP(+) and SAA(+) respectively. Each sample was confirmed
twice.

2.3. Viral loads detection

The viral loads of SARS-CoV-2 were measured as the copy number
of the N gene from pharyngeal swabs of the COVID-19 cases. Briefly,
based on the SARS-CoV-2 genome sequence in Genbank (Accession
Number: MN908947), SARS-CoV-2 N gene was amplified with primers
containing T7 promoter sequence: 5′- ACTCGTTAATACGACTCACTAT
AGGGAAAGGCCAACAACAACAAGG-3’ (Forward) and 5′- AGTCTGCG
GTAAGGCTTGAGTT-3’ (Reverse), and in vitro transcribed with T7 RNA
polymerase (TaKaRa, China), then purified and quantified, and finally
ten-fold diluted ranging from 107 to101 RNA copies/μL to make RNA
standards (Ge et al., 2013). The N gene from pharyngeal swabs of the
COVID-19 cases was amplified (Chu et al., 2020) along with the RNA
standards (TaKaRa, China). The viral loads were calculated from mean
Ct values of three repeats from each patient and the standard curve
generated from the RNA standards (Supplementary Figure S1).

2.4. Statistical analysis

Continuous variables with normal distribution were analyzed with

one way ANOVA or student t-test. Other continuous variables were
analyzed with Kruskal-Wallis test. Categorical variables were analyzed
using Chi-square test, and Fisher exact test when the data were limited.
SPSS 19.0 software and GraphPad 7.0 were used for statistical analysis.

3. Results

3.1. Demographic and laboratory findings

Of all 125 cases with both serum and pharyngeal swab collected on
admission in this study, 11(8.8%) with hemolytic serum were excluded.
In the final 114 patients, 32 cases were categorized into non-pneumonia
group, 74 into pneumonia group and 8 into severe pneumonia group on
admission (Table 1). The median age was 43.5 years, and 48.3% were
females, with a median time after onset of 4 days. Age and days after
onset differed significantly among the three groups (both P < 0.05).
The positive rates of IgM anti-SARS-CoV-2, CRP and SAA were 80.7%,
36% and 75.4% respectively. Along with the worsening of severity, the
positive rates of CRP and SAA tended to increase with significant dif-
ferences in CRP (P < 0.01).

As shown in Fig. 1A, the mean viral load/mL (log10) was lower in
pneumonia cases (5.15), followed by non-pneumonia cases (5.22), and
highest in severe pneumonia cases (5.58), but no significant differences
were found. Also, no statistical significance was found between male
and female cases with the same severity (mean, 5.36, 5.20 and 5.36 for
male cases; 5.06, 5.10 and 5.81 for female case, respectively, in
Fig. 1B). But within the female cases, the mean viral load in severe
pneumonia patients was higher and significantly differed from non-
pneumonia patients (P < 0.001) and pneumonia patients (P < 0.05).
Mean viral loads tended to increase along with the age of patients, and
no severe pneumonia patient was found younger than 29 years old in
this study, but all the differences were not significant (Fig. 1C).

According to the time after onset, we divided the 114 patients into
five groups (day 0–1, day 2–3, day 4–5, day 6–8 and day 9–12). For the
IgM(+) patients, the mean viral load/mL (log10) in non-pneumonia
cases was 5.27 in day 2–3 group, dropped from 5.40 in day 0–1 group.
The value decreased to 4.91 in day 4–5, and increased to 5.09 in day
6–8 (Fig. 2). The value in pneumonia cases slightly increased to 5.34 in
day 2–3 group from 5.27 in day 0–1. It was maintained at 5.25 in day
4–5, decreased to 4.89 in day 6–8 group, and showed a lower level in
day 9–12 group (4.60). The value in severe cases maintained high
among the groups (all> 5.25). For the IgM(−) patients, it tended to
increase along with the increasing days. Significance was found when
compared it in day 9–12 with in day 6–9 (P < 0.05). The two IgM(−)
patients day 9–12 were both with pneumonia, and their mean viral
load/mL (log10) also differed significantly from IgM(+) pneumonia
patients in day 9–12 (P < 0.001).

Besides 1 case of CRP(+)/SAA(−), the other 113 cases were di-
vided into three groups, CRP(+)/SAA(+) (n = 41), CRP(−)/SAA(+)
(n = 44) and CRP(−)/SAA(−) (n = 28).

Table 1
Demographic and laboratory Characteristics among different severity cases.

Characteristics All cases Non-pneumonia Pneumonia Severe Pneumonia P value
(n = 114) (n = 32) (n = 74) (n = 8)

Age, -yrs
Median (range) 43.5 (6–79) 43.5 (6–75) 41.5 (7–79) 59 (34–75) 0.044
Days after onset, -days
Median (range) 4 (0–12) 3 (0–8) 4 (0–12) 5 (2–12) 0.034
Female sex
No. (%) 55/114 (48.3) 15/32 (46.9) 36/74 (48.6) 4/8 (50) 0.981
IgM anti-SARS-CoV-2
Positive – No. (%) 92/114 (80.7) 27/32 (84.4) 58/74 (78.4) 7/8 (87.5) 0.68
C-reactive protein
Positive – No. (%) 41/114 (36.0) 5/32 (15.6) 31/74 (41.9) 5/8 (62.5) 0.009
Serum amyloid A
Positive – No. (%) 86/114 (75.4) 20/32 (62.5) 58/74 (78.8) 8/8 (100%) 0.054
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As shown in Fig. 3A, The value of CRP(+)/SAA(+) non-pneumonia
patients (4.80) was also lower than that of other groups, but no sig-
nificantly different were found. Within CRP(+)/SAA(+) group, mean
viral load/mL (log10) tended to increase along with the worsening of
severity (mean, 4.80, 5.05 and 5.50 respectively; 4.80 vs 5.50,
P < 0.05). No statistical differences were found between CRP
(+)/SAA(+) group and CRP(−)/SAA(+) group of severe pneumonia

patients (5.50 vs 5.55, P > 0.05). The value in pneumonia patients did
not change much among the groups. Interestingly, no severe pneu-
monia case showed CRP(−)/SAA(−).

As shown in Fig. 3B, at the early stage after onset (0–1 days), mean
viral loads/mL (log10) were higher in CRP(+)/SAA(+) and CRP
(−)/SAA(−) groups (5.59 and 5.40 respectively). The trend of viral
load in the CRP(−)/SAA(+) group was different from others. The value
in CRP(−)/SAA(+) group of day 0–1 was 5.05, and rose to 5.52 on day
2–3 (P < 0.05). The value was dropped to 5.07 on day 4–5, and
maintained at 4.99 on day 6–8. Then it increased about 10 fold in pa-
tients of day 9–12 from cases in day 6–8 (6.12 vs 5.00, P < 0.05), and
about 100 fold more than that of patients 9–12 days after onset in CRP
(−)/SAA(−) group (6.12 vs 4.08). The two CRP(−)/SAA(+) patients
were both pneumonia cases with IgM (−), while the two CRP
(−)/SAA(−) patients were both pneumonia cases with IgM (+).

4. Discussion

IgM is a specific indicator produced early of infectious diseases, and
can be used for early diagnosis (Zhang et al., 2020a) and has some
protective effects. CRP is a non-specific indicator for the early stage of
infection, mainly but not limited to bacterial diseases (Yao et al., 2019).
Current research has found that this indicator is related to COVID-19
severe cases (Guan et al., 2020). SAA is another non-specific indicator
for the early stage of infection, mainly but not limited to viral diseases
(Zhang et al., 2019). The association between this indicator and the
COVID-19 has not been reported (Wang et al., 2020; Zhang et al.,
2020b). In this study, both CRP and SAA showed trends of increase
along with the worsing of severity. Although statistical significances
were only found in CRP, our results suggest both CRP and SAA have
some indication of the severity of the disease.

Previous studies have shown that these indicators have directive
effects on the infection and condition judgment of other viral diseases
(Vollmer et al., 2016; Moutachakkir et al., 2017; Piedra et al., 2017;
Yuan et al., 2015). This study also reveals the relationship between
these indicators and viral load among COVID-19 patients and provides
clues for the prevention and control of the disease.

A higher viral load of SARS-CoV-2 in upper respiratory epithelial
cells indicates a higher risk to transmit this virus. In this study, we
found the natural fluctuation of SARS-CoV-2 viral load had different
trends among COVID-19 patients before antiviral treatments in the
early stage of illness. Pneumonia cases maintained high viral loads on
days 0–5 after onset. However, IgM(+) non-pneumonia patients had
higher viral loads within 0–3 days after onset. More attention showed
be payed to such patients because their symptoms are not obvious.
Patients with CRP(+)/SAA(+) and CRP(−)/SAA(−) also presented
higher viral load within 0–1 days after onset. It is suggested that using
these indicators may help us to predict the transmitting risk of the
patients.

The viral load of IgM(−) patients did not decrease with the increase
of onset time, instead, it showed an upward trend. This may reflect the
antiviral effect of the IgM antibodies. However, the viral load of IgM
(+) patients in severe cases remained high 12 days after onset, which
might indicate that the antiviral effect of IgM antibodies is weak, or
there are other factors involved in the early resistance to the virus. A
high viral load at this time also indicated the patient's condition might
be not in a good direction, and an effective antiviral therapy was
needed.

CRP(+) might have different suggestive effects on the condition of
different types of patients. The viral load of CRP(+)/SAA(+) non-
pneumonia patients was significantly lower than that of CRP
(+)/SAA(+) severe pneumonia patients, and it was also lower than
that of other types of non-pneumonia patients. For severe pneumonia
patients, the viral load of CRP(+)/SAA(+) cases was about the same as
that of CRP(−)/SAA(+) patients. The relationship should be studied in
patients after admission, which gave clues that the elevation of CRP in

Fig. 1. Viral loads among patients with different disease severity, sex and
age. A, Viral loads among patients with different disease severity; Viral loads
among patients with different sex; Viral loads among patients with different
age. Error bars mean SD. Statistical significances are marked as: *, P < 0.05;
**,P < 0.01. Viral loads among IgM anti-SARS-Cov-2 positive and negative
Patients.
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severe pneumonia patient might indicate the viral load of the patient is
still at a high level, and the treatment plan may need to be changed to
control the viral load.

Compared with 62.5% of severe pneumonia patients had CRP
(+)/SAA(+), we did not find any severe cases in CRP(−)/SAA(−)
group. We also found that in CRP(−)/SAA(−) group, the two patients
of 9–12 days after onset had a relative viral load about 10 fold lower
than that of patients of 6–8 days. Considering that the two patients was
both IgM(+) and the antiviral effect of IgM, CRP(−)/SAA(−) with IgM
(+) might indicate that the patients' condition is relatively optimistic.
Interestingly, in CRP(−)/SAA(+) group, another two patients with an
onset of 9–12 days had a relative viral load about 10 fold higher than
that of patients with onset of 6–8 days. Since the two patients were both
negative for IgM antibodies, CRP(−)/SAA(+) with IgM(−) might in-
dicate that the patients' condition were not in good directions. Due to
our sample size is not big enough, the viral load of CRP(−)/SAA(−)
with IgM(−) and CRP(−)/SAA (+) with IgM(+) patients was not
observed at 9–12 days. However, these clues still allow us to see the
possibility of judging the condition of COVID-19 patients by combining
IgM and CRP/SAA. If these hypotheses are tested with a larger popu-
lation on and after admission, combining these three indicators will
facilitate the judgment and treatment of COVID-19 patients.

5. Conclusion

Combination of the IgM and CRP/SAA with some conventional
clinical information, including time after onset and the type of severity,
may give suggestions on the viral load and condition judgment of
COVID-19 patients. More samples and researches are needed to confirm
these clues. Taking into account these indicators had wide range of
clinical applications, the confirmation of these clues will greatly help us
to prevent and control the SARS-CoV-2 pandemic.
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