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Viral load and its relationship
with the inflammatory
response and clinical outcomes
in hospitalization of patients
with COVID-19
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Background: The values of viral load in COVID-19 disease have gained

relevance, seeking to understand its prognostic value and its behavior in the

course of the disease, although there have been no conclusive results. In this

study we sought to analyze serum viral load as a predictor of clinical outcome

of the disease, as well as its association with inflammatory markers.

Methods: An observational and retrospective study in a private hospital in North

Mexico, patients with SARS-COV-2 infection confirmed by reverse transcriptase

polymerase chain reaction (RT-PCR) were followed through clinical outcome,

viral load measurement, quantification of inflammatory markers and lymphocyte

subpopulations. For the analysis, multiple regression models were performed.

Results: We studied 105 patients [47 (SD 1.46) years old, 68.6% men]. After

analysis with multiple regression models, there was an association between viral

load at admission and vaccination schedule (b-value=-0.279, p= 0.007), age (b-
value= 0.010, p = 0.050), mechanical ventilation (b-value= 0.872, p = 0.007),

lactate dehydrogenase (b-value= 1.712, p= 0.004), D-dimer values at admission

(b-value= 0.847, p= 0.013) and subpopulation of B lymphocytes at admission (b-
value= -0.527, p= 0.042). There was no association with days of hospitalization,

use of nasal prongs or high flux mask. Peak viral load (10 days after symptoms

onset) was associated with peak IL-6 (b-value= 0.470, p= 0.011). Peak viral load

matched with peak procalcitonin and minimal lymphocyte values. C-reactive
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protein peak was before the peak of viral load. The minimum value viral load was

documented on day 12 after symptom onset; it matched with the minimum

values of IL-6 and ferritin, and the peak of D-dimer.

Conclusions: SARS-COV-2 admission viral load is associated with vaccination

status, mechanical ventilation, and different inflammatory markers.
KEYWORDS

SARS-Cov-2, coronavirus infection, viral load, lactate dehidrogenase, D dimer,
interleukein-6, lymphocyte population
1 Introduction

The infection caused by SARS-COV-2, the etiological agent of

the COVID-19 disease, began to spread from Wuhan, China in

December 2019 (1–11), affecting more than 523 million people

around the world by May 2022 (12).

The rapid spread of the disease and its high incidence led to

high hospital occupancy worldwide (13, 14). In hospitalized

patients, the quantification of the serum viral load of SARS-

COV-2 through reverse transcriptase polymerase chain reaction

(PCR) and its association with other clinical and laboratory

parameters became relevant to analyze the progression of

viremia and the course of the disease with the aim of identifying

ways to predict the clinical outcome of patients (1, 2, 4, 9–11, 13–

18) as had been done even in the previous SARS outbreak in the

year 2003 (19), however, the results remain controversial.

Multiple studies have sought to identify prognostic tools for

clinical outcome such as symptoms, chest radiographs (2) and

laboratory findings in blood biometry, C-reactive protein,

erythrocyte sedimentation rate, procalcitonin, ferritin, D-dimer

and coagulation times (4, 9); yet, they did not include viral load

values. Another study showed no significant association between

viral load and clinical outcomes, including length of stay, oxygen

requirement or survival, however, only non-hospitalized

patients were included and only one measurement of viral

load levels was taken (11). On the other hand, several cohorts

have demonstrated the association between viral load at

admission and the risk of developing pneumonia, the severity

of the disease, as well as hospital mortality due to COVID-19,

especially in older patients and those with medical comorbidities

(20, 21). In other cohorts, an association has been demonstrated

between high viral load and various cytokines, lactate
Chain Reaction; BMI,

lmonary Disease; SD,
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dehydrogenase and lymphopenia, especially in critically ill

patients, and this relationship has also been reported in

inflammatory markers such as C-reactive protein (21).

Therefore, we seek to evaluate the role of viral load as a

prognostic factor for the clinical outcome in hospitalized patients

and its relation to mechanical ventilation requirement,

prolongation of hospital stay and mortality. In addition, we

sought to identify the relationship of viral load with

various inflammatory markers, such as C-reactive protein,

lactate dehydrogenase, leukocyte count, lymphocyte count,

procalcitonin, ferritin, D-dimer, interleukin 6 (IL-6) and

lymphocyte subpopulations, and their behavior during the

course of the disease in relation to the time of evolution since

the onset of symptoms.
2 Materials and methods

2.1 Study population and study design

From April 2021 to January 2022, patients with a diagnosis

of COVID-19 were evaluated at Hospital Clinica NOVA, a

private hospital from Northern Mexico. An observational and

retrospective study was performed. The study followed strobe

guidelines (22). This study was reviewed and approved by the

ethics committee of Universidad de Monterrey with registration

number 02-2021-02. Consent form was waived since this is a

retrospective study.

The inclusion criteria were hospitalized patients of both

genders, adults (18+), confirmed by PCR by nasopharyngeal

swab. Patients with previous treatment with antivirals, steroids,

convalescent plasma or immunosuppressants were excluded. Also,

patients who didn’t had COVID-19 variant, lymphocyte

subpopulation and viral load were excluded.

Data such as age, sex, BMI, previous diagnoses of diabetes

mellitus, systemic arterial hypertension, chronic kidney disease,
frontiersin.org
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COPD, heart disease, among others, were analyzed from the

medical chart. The number of days with symptoms, the need for

oxygen supplementation on admission, their hospital stays, and

vital signs were also recorded to analyze their clinical outcome.

On admission the COVID-19 variant and lymphocyte

subpopulation were measured. During the hospital stay, viral

load, complete blood count, D-dimer, lactate dehydrogenase,

interleukin-6, ferritin and C-reactive protein were taken at least

every 24-48 hours. Procalcitonin was measured at admission and

in case the patient was suspected to have a secondary bacterial

infection. The blood sample was taken through a peripheral

venous puncture by the nursing staff.
2.2 Sample processing method

2.2.1 Viral load
A peripheral venous blood sample was taken from each

patient in a tube with circulating nucleic acid stabilizer

(PAXGENE®). The samples were transferred at room

temperature to an outsource laboratory, PGM Laboratory

(Clinical Pathology and Genetics Laboratory) on the same day.

They were processed using the circulating nucleic acid extraction

kit (QIAGEN®) for liquid biopsy and the TaqPath® COVID-19

kit (ThermoFisher Scientific®) (23), using a QuantStudio 5

thermal cyclers (Applied Biosystems®). The results were sent

to our hospital facility and uploaded to the laboratory computer

system. The minimum detectable concentration is 10 copies/mL

and the maximum is 100,000 copies/mL. Based on these findings

and the reports described in the literature, the following

reference intervals were defined for results detected in plasma

(13): low (< to 100 copies/mL), moderate (>100 to 1000 copies/

mL) and high (>1000 copies/mL).
2.2.2 SARS-COV-2 variants
Samples for the study of SARS-COV-2 variants are

processed by nucleic acid extraction, then retrotranscription

and PCR reaction with a ThermoFisher Veriti endpoint

thermal cycler.

2.2.3 Lymphocyte subpopulation
The lymphocyte subpopulation was added, which is

extracted by flow cytometry (BD FACS CANTO II IVD,

Becton Dikinson, USA) in which the leukocyte count, total

lymphocytes, T lymphocytes (CD4 and CD8), B lymphocytes

(CD19), NK cells (CD16 and CD56) and CD4/CD8 ratio were

analyzed. The antibody used were from Becton Dickinson brand

and were as follow: PerCP-Cy 5.5 Anti human CD45, FITC anti

human CD3, PE-Cy 7 anti human CD4, APC Cy 7 Anti human

CD8, APC Anti human CD 19, PE Anti human CD 16 and PE

anti Human CD 56.
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2.3 Statistical analysis

The distribution of the variables was evaluated with the

Shapiro-Wilk test or Kolmogorov and the necessary

transformation for normalization was performed. The

descriptive analysis of the variables and covariables was

performed using parametric statistics with means and standard

deviations if they conformed to normality or medians and

interquartile ranges otherwise. Multiple regressions were

performed to determine the association of viral load with

clinical outcomes, and inflammatory response. A density plot

was performed between minimum and maximum peak of viral

load and inflammatory markers. Missing completely at random

values were performed complete case analysis. A value of p <

0.05 was considered significant. Statistical data were analyzed

with SPSS R v.4.0.3 vs. 25.
3 Results

A total of 571 patients were admitted to the hospital with

diagnosis of COVID-19, 105 of those patients had multiple

measurements of viral load levels, COVID-19 variant, and

lymphocyte subpopulations. From the 105 patients studied, 72

(68.6%) of whom were men with a mean age of 47 years (SD

1.46). Among medical history the most prevalent diseases were

obesity in 64 (61%) of the patients with a mean (SD) BMI of

31.67 (1.19). Also, Systemic Arterial Hypertension in 33 (31.4%)

and Type 2 Diabetes in 31 (29.5%) of the patients was prevalent.

Regarding blood group, 50 (47.6%) of the patients are O+,

followed by 23 (21.9%) A+. The demographic data of the

patients under study is described in Table 1.

Regarding COVID - 19 vaccines, 35 (33.3%) of the patients

had a complete schedule of 2 or more doses and 23 (21.9%) of

the patients had an incomplete schedule; 45 (42.9%) of the

patients were not vaccinated. Also, 28 (26.7%) of the population

was vaccinated with Coronavac and 21 (20%) with ChAdOx1-S.

The most frequent SARS-COV-2 variants presented by the

patients were Delta in 58 (55.2%), Omicron in 19 (18%),

Alpha in 8 (7.6%) and Gamma in 5 (4.8%) patients.

Regarding in-hospital management, nasal prong was used in

71 (67.6%) of patients, 31 (29.5%) required high flow and 11

(10.5%) mechanical ventilation. Three (2%) patients died during

follow-up. During the hospital stay, 12 (11.4%) of the patients

were admitted to the intensive care unit. Of the 105 patients, 104

(99%) were given apixaban, 99 (94.3%) received baricitinib and 97

(92.4%) remdesivir. Also, 55 (52.4%) of the patients weremanaged

with doxycycline, 57 (54.3%) with ivermectin and 56 (53.3%) with

zinc. Patients who had more difficult control with oxygen

saturation were given epclusa 23 (21.9%) and/or nitric oxide 11

(10.5%), those with increased IL-6 and in early disease were given

tocilizumab 19 (18.1%). In some cases, the use of dexamethasone
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18 (17.1%) was necessary (Table 2). Patients could receive

multiple combination of the drugs.

We calculated a linear regression to predict the effect of viral

load at admission on clinical outcome (Table 3). The model

showed a positive correlation with age (b-value= 0.010, p =

0.050), and mechanical ventilation (b-value= 0.872, p = 0.007), a

negative association between the vaccination schedule and viral

load (b-value= -0.279, p = 0.007), showing no other relation, such
Frontiers in Immunology 04
as days of hospitalization, nasal progs, or high fluxmask. Mortality

was considered initially in our model but was eliminated in the

final model since we only had 3 patients that died, and it was

difficult to make any correlation with this number of patients.

A linear regression was calculated to establish the

relationship between viral load at admission and the values of

inflammatory markers (lymphocytes, neutrophils, lactate

dehydrogenase, C-reactive protein, D-dimer, ferritin and

procalcitonin) measured at admission (Table 4). A positive

correlation was found between viral load at admission and

lactate dehydrogenase (b-value= 1.712, p= 0.004) and D-dimer

values at admission (b-value= 0.847, p= 0.013).

A linear regression was performed with viral load at hospital

admission as the dependent variable, looking for the relationship

between it and the vaccination schedule, lactic dehydrogenase,

D-dimer, and the subpopulation of B lymphocytes and NK

lymphocytes at admission (Table 5). A statistically significant

positive correlation was found with the values of viral load at

admission and D-dimer (b-value= 0.778, p= 0.019). A negative

correlation was found between viral load at admission and

subpopulation of B lymphocytes at admission (b-value=
-0.527, p= 0.042).

We calculated a linear regression between the viral load

maximum peak during hospital stay and the maximum peak of

each of the inflammatory markers (Table 6). A positive

correlation was found with peak viral load and peak IL-6 (b-
value= 0.470, p= 0.011).

A density plot correlating the minimum and maximum peak

of both viral load and inflammatory markers with the days of

evolution of the patients was made to identify the behavior of

viral load and inflammatory marker values during the disease

(Figure 1). Viral load was found to peak at day 10 after symptom

onset, matched with the peak procalcitonin and minimal

lymphocyte values. The minimum peak of COVID-19 viral

load was documented at day 12 from symptom onset; it

matched with the minimum values of IL-6 and ferritin, and

the peak of D-dimer. Finally, the peak of C-Reactive Protein was

much earlier than viral load peak (around day 3).
4 Discussion

In this study, we analyzed the association between COVID-

19 viral load in hospitalized patients and its association with

clinical outcome and inflammatory markers. Viral load at

admission was associated with vaccination status, age, and

mechanical ventilation. No association was found between

viral load on admission and days of hospitalization, use of

oxygen prongs, and high flux mask. Also, a relationship was

found between viral load values at admission and D-dimer and

lactic dehydrogenase values.

In a retrospective study of 127 patients in Italy, Cocconcelli

et al. demonstrated that there is no association between viral
TABLE 1 Medical History.

Variable (n=105) Frequency (%)

Males 72 (68.6)

Smoking 10 (9.5)

Obesity 64 (61.0)

Overweight 28 (26.7)

Systemic arterial hypertension 33 (31.4)

Diabetes mellitus type 2 31 (29.5)

Asthma 7 (6.7)

Ischemic heart disease 7 (6.7)

Heart failure 3 (2.9)

Renal failure 3 (2.9)

Drug allergy 3 (2.9)

Table 1. Shows the medical history of patients hospitalized of SARS-COV-2.
TABLE 2 In-hospital medication management.

Management Frequency (%)

Apixaban 104 (99)

Baricitinib 99 (94.3)

Remdesivir 97 (92.4)

Ivermectin 57 (54.3)

Zinc 56 (53.3)

Doxycycline 55 (52.4)

Epclusa 23 (21.9)

Tocilizumab 19 (18.1)

Dexamethasone 18 (17.1)

Nitric oxide 11 (10.5)

Methylprednisolone 4 (3.8)

Convalescent plasma 4 (3.8)

Heparin infusion 4 (3.8)

Vasopressors 4 (3.8)

Enoxaparin 3 (2.9)

Table 2. Shows the medication given during their hospital stay.
Patients could be treated with multiple medications after “hospital stay”.
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load at admission and clinical outcome, including both

hospitalized and non-hospitalized patients (2). On the other

hand, Dadras et al. in their review article mentioned that there

are no conclusive results showing a clear relationship or not

between viral load and clinical outcome; it has only been shown

that the older the patient, the higher the viral load (1), as we

obtained in our data. In contrast to these studies, Boyapati et al.

concluded from a study with 1912 patients that viral load was an

important determinant for clinical outcome in hospitalized

patients requiring supplemental oxygen and ventilation (24).

Shenoy in a systematic review (21) of 60 manuscripts concluded

that viral load is a predictor of disease and mortality. Kim et al.

in a retrospective study comparing the CT scans of 128 patients

(21), concluded that viral load may help predict the initial

presence of pneumoniae. Our results showed no significant

relationship between higher serum viral load and days of

hospital stay, and oxygen supplementation. But did find an

association with mechanical ventilation. In addition, in our
Frontiers in Immunology 05
results, patients who were vaccinated had lower viral load

levels. An important thing to consider is that our data is from

different COVID-19 waves, some causing a more serious

condition that might influence when comparing viral load

with clinical outcome.

We found association between viral load and inflammatory

markers, D-dimer and lactate dehydrogenase at admission were

positively correlated with viral load values, this could have a

predictive factor for viral load and disease progression, as

described in a review article by Porubagheri et al. who list D-

dimer as an important marker of disease progression and lactate

dehydrogenase as an important marker of lung damage that is

elevated in patients with COVID-19 (9). In a study by Qin et al.

they concluded that SARS-CoV-2 could act mainly on T

lymphocytes, so the study of lymphocyte subpopulations could

be useful in the diagnosis and treatment of COVID-19 and

described that patients with severe infection had lower values of

B, T and NK lymphocytes (26), however, their relationship with
TABLE 3 Regression model relationship of viral load at admission with prediction of clinical outcome.

b Std error b Std p-value 95%CI

Constant 1.507 0.27 0 0.97-2.04

Age 0.013 0.005 0.327 0.007 0.004-0.023

Gender 0.189 0.146 0.12 0.201 -0.103-0.48

Vaccination schedule -0.293 0.102 -0.344 0.005 -0.495

Days of hospitalization 0.006 0.017 0.05 0.723 -0.028- -0.091

Nasal prongs 0.155 0.152 0.099 0.31 -0.147-0.457

High flow 0.058 0.159 0.037 0.715 -0.258-0.374

Mechanical ventilation 0.878 0.317 0.382 0.007 0.248-1.508

Adjusted R-squared= 0.27. Dependent variable: LogViral load at admission.
CI, confidence interval.
Std, standard.
TABLE 4 Regression model of the relationship between viral load at admission and inflammatory markers.

b Std error b Std p-value 95%CI

Constant -3.801 2.174 0.085 -8.146-0.544

Lymphocytes on admission -0.396 0.373 -0.124 0.293 -1.142-0.350

Neutrophils at admission 0.296 0.257 0.125 0.253 -0.217-0.809

Lactate dehydrogenase on admission 1.712 0.574 0.369 0.004 0.565-2.859

C-reactive protein on admission 0.048 0.051 0.107 0.354 -0.055-0.151

D-dimer on admission 0.847 0.331 0.300 0.013 0.185-1.508

Ferritin on admission -0.186 0.224 -0.108 0.408 -0.634-0.261

Procalcitonin on admission -0.057 0.149 -0.043 0.702 -0.356-0.241

Adjusted R-squared = 0.226. Dependent variable: Log Viral load at admission
CI, confidence interval.
Std, standard.
Patients could be treated with multiple medications after “hospital stay”.
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viral load had not been studied; when analyzed, we found a

negative correlation between B lymphocytes at admission and

viral load quantification; however, our results did not show a

correlation with NK lymphocyte subpopulations.

It has been established that the peak in viral load values occurs

in the first week after the onset of the disease (2), however, its

behavior over time in relation to multiple inflammatory markers

had not been established. When we analyzed the behavior of

inflammatory markers and viral load during the course of the

disease, it was found that viral load reaches a peak on day 10 after

the onset of symptoms, which coincides with the peak in

procalcitonin and the minimum values of lymphocytes, this

differs from that described by Cocconcelli et al. who point out

that the viral load peak generally occurs in the first week of

infection (2), on the other hand, defends the fact that the increase

in viral load causes lymphopenia due to lymphocyte depletion, as

described by Keam et al. (5) who mentioned it’s associated with
Frontiers in Immunology 06
greater severity in the disease. Procalcitonin values were not

measured daily in the patients, so the result of association

between peak viral load and procalcitonin during the course of

infection could be biased. On the other hand, the minimum value

of viral load coincided with the minimum values of IL-6 and

ferritin. Finally, C reactive protein peaked before viral load, this

could be an easy and accessible inflammatory marker that predicts

the increase of viral load.

The limitations of this study are that the sample only

considers hospitalized patients, so we do not know the viral

loads of asymptomatic patients or those who received outpatient

treatment. Another important limitation to consider when

interpreting the results is that our sample is relatively small,

which implies that these findings should be validated in larger

populations. Likewise, the serum viral load was taken from a

peripheral venous blood sample of the patient, where it has been

described that nasopharyngeal samples from the lower
TABLE 6 Regression model of the relationship between peak viral load with peak inflammatory markers.

b Std error b Std p-value 95%CI

Constant -0.460 2.377 0.847 -5.194 - 4.273

Max. peak leukocytes -0.364 1.641 -0.083 0.825 -3.631 - 2.902

Max. peak lymphocytes 0.739 0.612 0.145 0.231 -0.480 - 1.957

Max. peak neutrophils -0.162 1.351 -0.045 0.905 -2.852 - 2.528

Max. peak Lactate dehydrogenase 0.383 0.389 0.125 0.328 -0.391 - 1.157

Max. peak IL-6 0.470 0.180 0.419 0.011 0.112 - 0.827

Max. peak C-reactive protein -0.266 0.157 -0.180 0.094 -0.579 - 0.047

Max. peak D-dimer 0.310 0.296 0.150 0.300 -0.281 - 0.900

Max. peak ferritin 0.005 0.202 0.003 0.979 -0.397 - 0.408

Max. peak procalcitonin -0.033 0.123 -0.028 0.788 -0.277 - 0.211

Adjusted R-squared = 0.218. Dependent variable: Log Peak viral load
CI, confidence interval.
Std, standard.
TABLE 5 Regression model relationship of viral load at admission with inflammatory markers and lymphocyte subpopulation count at admission.

b Std error b Std p-value 95%CI

Constant 0.078 1.903 0.968 -3.713 - 3.868

Vaccination schedule -0.222 0.100 -0.259 0.020 -0.42 2- -0.022

Lactate dehydrogenase on admission 0.669 0.506 0.150 0.190 -0.338 - 1.676

D-dimer on admission 0.778 0.326 0.248 0.019 0.130 - 1.427

Subpopulation of B lymphocytes at admission -0.527 0.255 -0.239 0.042 -1.034 - -0.020

Subpopulation of natural killer lymphocytes at admission -0.092 0.282 -0.035 0.746 -0.653 - 0.470

Adjusted R-squared = 0.199. Dependent variable: Log viral load at admission.
CI, confidence interval.
Std, standard.
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respiratory tract could be better predictors of clinical outcome

and prognosis of patients.

In conclusion, the viral load of SARS-COV-2 is associated

with the vaccination status, the age and inflammatory markers

such as lactate dehydrogenase, D-dimer, and IL-6. In conclusion,

the viral load of SARS-COV-2 is associated with the vaccination

status, the age, mechanical ventilation, and inflammatory

markers such as lactate dehydrogenase, D-dimer, and IL-6.
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