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Risk factors for severity, viral load, and outcomes in patients 
with COVID-19

Factores de riesgo para gravedad, carga viral y desenlaces en 
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Abstract

Background: During the coronavirus disease 2019 (COVID-19) pandemic, early diagnosis is crucial, as is the identification 
of risk factors for severity and risk of transmissibility of infection. Objectives: The objective of the study was to correlate 
clinical characteristics, severity, and outcomes with viral load for severe acute respiratory syndrome coronavirus 2 (SARS-COV2). 
Materials and methods: An observational, cross-sectional, and descriptive study was carried out that collected data from 
patients with COVID-19. Clinical, demographic, laboratory, viral load, and outcome variables were collected. SARS-Cov-2 
detection was by reverse transcription polymerase chain reaction, from nasopharyngeal swabs, reporting it with amplification 
cycles and stratifying it as mild, moderate, or high viral load estimation. Results: Data from 325 patients were included in 
the study, average age of 51 years, predominantly male 52.9%. The independent risk factors associated with severity were 
age > 65 years, dyspnea, vomiting, and viral load > 25, a protective effect was found with the presence of headache, ody-
nophagia, and anosmia/hyposmia. Conclusion: The presence of anosmia/hyposmia, odynophagia, and headache was more 
frequent in non-severe cases, suggesting better local immunity. There could be less risk of viral transmissibility in patients 
requiring in-hospital management compared to outpatients.
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Resumen

Antecedentes: Durante la pandemia COVID-19 y hasta la fecha, el diagnóstico temprano es crucial, así como la identificación 
de factores de riesgo para gravedad y el riesgo de transmisibilidad de infección. Objetivo: Correlacionar características 
clínicas, gravedad y desenlaces con carga viral para SARS-COV2. Material y métodos: Se realizó un estudio observacional, 
transversal y descriptivo que reunió datos de pacientes con COVID-19. Se tomaron variables clínicas, demográficas, de 
laboratorio, carga viral y desenlaces. La detección de SARS-Cov-2 fue por RT-PCR por hisopado nasofaríngeo, reportándolo 
con ciclos de amplificación y estratificándolo como estimación de carga viral leve, moderada o alta. Resultados: Se inclu-
yeron datos de 325 pacientes, edad promedio de 51 años, predominio de sexo masculino 52.9%. Los factores de riesgo 
independientes asociados a gravedad, fueron edad > 65 años, disnea, vómito, carga viral > 25, se encontró un efecto pro-
tector por la presencia de cefalea, odinofagia y anosmia/hiposmia. Conclusiones: La presencia de anosmia/hiposmia, odi-
nofagia y cefalea fue más frecuente en los casos no graves, lo que sugiere mejor inmunidad local. Podría existir menos 
riesgo de transmisibilidad viral en pacientes que requieren manejo intrahospitalario comparado con los ambulatorios.

Palabras clave: COVID-19. Carga viral. Gravedad. Resultados. Características clínicas. Características clínicas.
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Introduction

In 2019, cases of pneumonia of unknown origin due 
to a new RNA betacoronavirus, currently severe acute 
respiratory syndrome coronavirus 2 (SARS CoV2), were 
identified in Wuhan. The World Health Organization 
declared an international public health emergency and 
named it coronavirus disease 2019 (COVID-19)1. The 
index case in Mexico was detected in February 2020 
in Mexico City. By March, the Ministry of Health con-
firmed the first death from COVID-19, which occurred 
at the Hospital Angeles Metropolitano2.

SARS-CoV-2 targets nasal and bronchial epithelial 
cells through the glycosylated spike protein that binds to 
the angiotensin-converting enzyme receptor 2 (ACE2), 
this interaction is a potential factor in its infectivity. 
Transmembrane serine protease Type 2 (TMPRSS2), in 
the host cell, promotes viral uptake2,3.

Viral load in the upper respiratory tract appears to 
reach the highest value at the time of symptom onset4. 
The mean incubation time is 4-7 days after exposure. 
About 97.5% develop symptoms within the first 11 days5.

The average age of hospitalized patients is 
47-73 years. Early cohorts at the pandemic had a male 
preponderance of 60%2. Common symptoms include 
fever, cough, dyspnea, fatigue, myalgias/arthralgias, 
gastrointestinal symptoms, headache, and rhinorrhea. 
Anosmia or ageusia may be the only presenting symp-
tom2,5. About 81% had mild manifestations, 14% severe 
and 5% had critical manifestations (respiratory failure, 
septic shock, and/or multiple organ dysfunction)6. 
About 15% of patients will develop severe disease and 
5% will require mechanical ventilation7. Complications 
of COVID-19 include multiple organ dysfunction, myo-
carditis, cardiomyopathy, ventricular arrhythmias, and 
hemodynamic instability8. About 60-90% of hospitalized 
infected patients have comorbidities; systemic arterial 
hypertension (SAH), diabetes mellitus 2 (DM2), obesity, 
cardiovascular disease, lung disease, renal disease, 
malignancy, liver disease, or autoimmune diseases9.

The gold standard for COVID-19 diagnosis is by 
detection of SARS-CoV-2 RNA by reverse transcription 
polymerase chain reaction (RT-PCR) of respiratory 
samples by nasal swab. However, the sensitivity of the 
tests varies over time in relation to exposure. Due to 
false-negative rates, clinical, laboratory, and imaging 
findings may also be used for presumptive diagnosis10. 
RT-PCR assays provide information on whether or not 
SARS-Cov-2 is detected. However, these assays also con-
tain quantitative information on cycle threshold (Ct) values 
that correlate inversely with viral load. Immunoglobulin M 

antibodies are detectable 5-day post-infection, with the 
highest levels during weeks 2-3 of illness, while an 
Immunoglobulin G response is observed 14 days after 
symptoms onset11-13. The most common hematologic 
abnormality is lymphopenia (< 1.0 × 109/L), present in 
83% of hospitalized patients14,15. Most laboratory char-
acteristics are nonspecific16.

In a meta-analysis of 703  patients with COVID-19 
(553 symptomatic and 150 asymptomatic), it was con-
cluded that there are no differences in viral load between 
symptomatic and asymptomatic. Asymptomatic subjects 
may represent a reservoir of infection and contribute 
significantly to the maintenance of the pandemic17.

The study aimed to correlate clinical characteristics 
and outcomes with viral load for SARS-COV2.

Materials and methods

We designed an observational, cross-sectional, and 
descriptive study that collected data from patients with 
confirmed COVID-19 from Hospital Angeles Metropolitano 
during the first wave of contagion in Mexico, from March 
13, 2020, to January 12, 2021. Clinical and demographic 
variables, laboratory studies, as well as viral load and 
outcomes (discharge home, transfer to COVID-19 hos-
pital, admission or death) were collected. Detection of 
SARS-Cov-2 was by RT-PCR, reporting it with amplifi-
cation cycles, being stratified by the laboratory as mild, 
moderate, and high viral load. Data were collected retro-
spectively from clinical records. The study was approved 
by the bioethics committee.

A descriptive statistical analysis was performed using 
mean and standard deviation. For categorical or dichot-
omous variables, absolute frequencies and percentages 
were used. The hypothesis tests for categorical variables 
were the Chi-square or (Fisher’s exact test) and for linear 
variables the Student’s t-test for unrelated samples. 
Relevant variables to discriminate severe cases were 
used to construct multivariate binary logistic regression 
models to identify variables independently associated 
with the presence of severe cases. The strength of asso-
ciation was measured by calculating odd ratios (OR) with 
a 95% confidence interval (CI). The construction of 
regression models included a first phase in which the 
variables identified in the univariate comparison were 
introduced and subsequently, we used the forward step-
wise method to include variables with a value of p = 0.02 
in the iterations for the construction of an alternative 
model. A two-tailed p < 0.05 was considered significant 
for hypothesis testing. The statistical package IBM 
Statistics SPSS v21.0 was used for the data analysis.
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Results

Data from 325  patients with an average age of 
51  ±  17  years were included in the study. Of which 
52.9% were male and 45.8% female. Detection of 
SARS-Cov-2 was by RT-PCR, from a nasopharyngeal 
swab, taken at the first medical contact, within 3-10 days 
of symptoms onset. A viral load by amplification curve 
estimate 28 ± 6.8 cycles. They were classified as mild 
viral load estimate > 30 Ct, moderate 21-35 Ct, and 
high < 25 Ct in 29.2, 41.8 and 28.3%, respectively. 
Demographic characteristics, comorbidities, and symp-
toms at admission are detailed in Table 1.

At the outcome analysis, it was determined that 
42.9% of the patients were in conditions to be dis-
charged, the remaining 57.1% were severe cases, of 
which 45% were admitted, 51.1% were transferred to 
another center and 3.3% died. The association between 
viral load estimation and outcomes is summarized in 
Table 2. When comparing the characteristics between 
severe and outpatient cases, statistically significant dif-
ferences were found, especially due to the presence of 
comorbidities and alterations in laboratory studies. All 
comparisons are shown in Table 3. Due to the stratifi-
cation finding of in the laboratory reports of a moderate 
viral load of 21-35 Ct, a cutoff value of 25 Ct was con-
sidered for the rest of the comparisons.

Multivariate analysis revealed that the independent 
risk factors associated with severity were age over 
65 years OR = 1.38 (95% CI 3.05-11.4, p < 0.01); dys-
pnea OR = 5.91  (3.05-11.44, p < 0.001); vomiting 
OR  =  3.8  (1.29-11.4, p = 0.015), viral load > 25 
OR = 3.07 (1.35-6.9, p = 0.007), a protective effect was 
found due to the presence of headache OR = 0.32 
(0.22-0.58, p < 0.001); odynophagia 0.41  (0.22-0.78, 
p = 0.006), and anosmia/hyposmia OR = 0.05 (0.015-0.23, 
p < 0.001). Model A and B (Tables 4 and 5).

Discussion

At the beginning of the COVID-19 pandemic in 
Mexico, different containment measures were imple-
mented, and new work and logistics plans for medical 
care were established. Some institutions, hospitals, 
and some temporary units were designated to be 100% 
care centers for COVID-19  cases, others 100% free 
of  COVID-19  cases, and some that worked in a 
hybrid  manner. At the beginning of the pandemic, the 
Hospital Ángeles Metropolitano provided its services to 
COVID-19 cases, subsequently different work plans 
were delegated within Grupo Ángeles to safely provide 

service to non-COVID-19 cases, so the cases that war-
ranted hospital admission due to SARS-CoV2 infection 
were transferred to the hospitals assigned for COVID-19, 
those who did not merit admission were discharged 
home with alarm and isolation data. For this reason, most 
of the patients in our study were evaluated in the emer-
gency department where their outcome was determined: 
discharge, admission, transfer, or death. The patients in our 
study were the first ones to be evaluated at the hospital 
since the beginning of the pandemic, so they are patients 
infected with the first variant of COVID-19 and without 
SARS-CoV2 vaccine.

We introduce an epidemiological study that analyzes 
demographic characteristics, which, in terms of age 
and sex, the characteristics are similar to what was 
published in the Mexican population. During the first 
stage of the pandemic, a predominance of the male sex 
was found, with an average age between 40 and 60 years. 
The most frequent comorbidities were SAH, DM2, and 
lung disease. With the exception of obesity, which pre-
dominates in most published studies, the majority of our 
population was only overweight. The most frequent 

Table 1. Demographic characteristics, comorbidities, and 
symptoms on admission

Characteristics, comorbidities and 
symptoms

n %

Age, mean (SD) 51 17

Male 172 53.6

Female 149 46.4

BMI, mean (SD) 27,700 5,190

Comorbidities
Diabetes mellitus
Systemic arterial hypertension
Heart disease
Lung disease
Liver disease
Renal disease
Malignancy
Immunosuppression

72
82
28

3. 4
8

18
8
7

22.5
25.6
8.8

10.6
2.5
5.6
2.5
2.2

Symptoms upon admission
Fever
Cough
Dyspnea
Diarrhea
Vomiting
Myalgias/arthralgias
Fatigue
Headache
Anosmia/hyposmia
Odynophagia
Rhinorrhea/nasal congestion
Dysgeusia

160
161
117
69
28

145
160
138
28

111
68
25

49.8
50.2
36.4
21.5
8.7

45.2
49.8
43.0
8.7

34.6
21.2
7.8
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Table 2. Association between viral load estimation and outcomes

Viral load estimation Total Death Transfer Discharge Income

n % n % n % n % n %

Mild 95 29.41 2 1.90 26 27.30 27 28.40 40 42.10

Moderate 136 42.10 3 2.20 39 28.60 68 50 26 19.11

High 92 28.48 2 2.10 29 31.50 46 50 15 16.30

Table 3. Comparisons of characteristics between severe and outpatient cases

Characteristics, comorbidities and 
symptoms

Controls
(n = 137)

Serious cases
(n = 188)

p‑value

n/mean %/SD n/mean %/SD

Age, mean (SD) 48 16 52 18 0.92

Male 50 53.8 122 53.5 0.92

Female 43 46.2 106 46.5

BMI 27.64 6.58 27.73 4.52 0.6

Diabetes mellitus 19 20.4 53 23.3 0.008

Systemic arterial hypertension 22 23.7 60 26.4 0.421

Heart disease 5 5.4 23 10.1 0.232

Lung disease 12 12.9 22 9.7 0.838

Liver disease 2 2.2 6 2.6 0.013

Renal disease 5 5.4 13 5.7 0.021

Malignancy 1 1.1 7 3.1 0.758

Immunosuppression 3 3.2 4 1.8 0.123

Peripheral oxygen saturation (SpO2) 0.88 0.11 0.86 0.13 < 0.001

Systolic blood pressure 123.47 20.42 125.63 19.64 0.45

Heart rate 92 19 93 20 0.75

Breathing frequency 20 4 21 4 < 0.001

Temperature (°C) 36.29 3.60 36.91 1.01 0.23

Fever 37 39.8 123 53.9 0.028

Cough 38 40.9 123 53.9 0.233

Dyspnea 29 31.2 88 38.6 < 0.001

Diarrhea 22 23.7 47 20.6 0.483

Threw up 10 10.8 18 7.9 0.238

Myalgias/arthralgias 3. 4 36.6 111 48.7 0.001

Fatigue 35 37.6 125 54.8 0.082

Headache 31 33.3 107 46.9 < 0.001

Anosmia/hyposmia 9 9.7 19 8.3 < 0.001

(Continues)
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symptoms referred to admission were cough, fever, 
fatigue, myalgias/arthralgias, headache, and dyspnea 
in successive order, which also coincides with what is 
reported in the literature. In our study, a significant dif-
ference was found in the presence of dyspnea and 
vomiting, as well as age over 65 years for severe cases. 
Unlike the presence of headache, odynophagia, anos-
mia, or hyposmia, which were significant in the outpa-
tient’s group, so the presence of these symptoms in the 
initial assessment could suggest the course of a mild 
or moderate condition.

There are several proposed theories of the mecha-
nisms for anosmia, inflammation of the epithelium of the 
nasal mucosa, apoptosis of olfactory cells, changes in 
olfactory cilia, damage to the olfactory bulb, olfactory 
neurons, and totipotent cells of the olfactory epithe-
lium18. One of the mechanisms of anosmia is due to the 
ACE2, which is a receptor for COVID-19, and could be 
present in large quantities in the olfactory tract. The 
union of the virus with these receptors causes the 
release of cytokines and greater inflammation of the 
epithelium19.

Sven Saussez et al. tried to answer why anosmia 
seems to be less prevalent in severe cases than in 
mild-to-moderate cases. In a European study of 

417 patients with mild-to-moderate COVID-19, 86% 
reported anosmia and 88% dysgeusia. In a series of 
2013 patients with the same conditions, 87% reported 
anosmia. In Saussez et al. study, of 86 outpatients with 
mild-to-moderate symptoms of COVID-19 associated 
with subjective anosmia, psychophysical measurements 
of smell were performed “Snifin Sticks,” they found 
47.7% anosmic, 14% hyposmic and 38.3% without 
olfactory alteration20. Romero-Sánchez et al., In a series 
of 841 patients with severe COVID-19 with in-hospital 
management, 57.4% developed some neurological 
symptoms and only 5% presented anosmia21.

Such findings may suggest that in patients with effi-
cient local immunity, virus replication in the nasal and 
olfactory mucosa may provoke a local inflammatory 
reaction and a pattern of otorhinolaryngological symp-
toms, unlike severe patients, where such symptoms 
were less frequent. Thus, patients with a mild form of 
infection have stronger local immunity and therefore 
higher rates of local symptoms. Moreover, the severe 
forms of infection, or weaker local immunity, fewer oto-
rhinolaryngological, and more respiratory symptoms.

It should be considered that in our study, age was 
also significant, being higher in severe cases, in older 
patients the olfactory function decreases. Therefore, it 

Table 3. Comparisons of characteristics between severe and outpatient cases (continued)

Characteristics, comorbidities and 
symptoms

Controls
(n = 137)

Serious cases
(n = 188)

p‑value

n/mean %/SD n/mean %/SD

Odynophagia 27 29.0 84 36.8 < 0.001

Rhinorrhea/nasal congestion 15 16.1 53 23.2 0.001

Dysgeusia 9 9.7 16 7.0 < 0.001

Leukocytes 8403 3461 7279 3051 0.0003

Lymphocytes 1539 780 1242 1235 0.5578

Neutrophils 6394 3401 5578 3126 0.012

Platelets 222390 103150 222713 87060 0.99

Ferritin 964 1146 958 1324 0.016

D‑dimer 1374 2384 962 1277 0.005

Erythrocyte sedimentation rate 26 22 27 12 0.73

Lactic dehydrogenase 259.1 142.9 336.4 175.9 0.03

C‑reactive protein 23.18 43.61 19.82 44.69 0.16

Procalcitonin 0.46 1.08 0.90 2.69 0.99

Viral load 25.65 6.74 28.44 6.78 0.0003
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Table 4. Model A. Univariate comparison

Characteristics, comorbidities and symptoms OR 95% CI p‑value

Age (65 years) 1.264 0.582 2.745 0.553

Peripheral oxygen saturation (88%) 1.437 0.671 3.077 0.351

Temperature (38ºC) 0.602 0.255 1.421 0.247

Diabetes Mellitus 2.559 1.110 5.900 0.027

Systemic Arterial Hypertension 0.852 0.391 1.858 0.687

Heart disease 1.401 0.449 4.375 0.562

Lung disease 0.972 0.347 2.728 0.958

Renal disease 4.755 0.566 39.959 0.151

Malignancy 1.142 0.151 8.662 0.898

Immunocompromise 1.047 0.084 12.970 0.972

Fever 0.865 0.421 1.775 0.692

Cough 0.961 0.465 1985 0.914

Dyspnea 6.225 2.859 13.556 < 0.001

Diarrhea 0.708 0.326 1.541 0.385

Vomiting 5.332 1.530 18.587 0.009

Myalgias/Arthralgias 0.671 0.342 1.317 0.246

Fatigue 0.716 0.365 1.404 0.331

Headache 0.414 0.214 0.800 0.009

Odynophagia 0.441 0.220 0.883 0.021

Rhinorrhea/Nasal congestion 0.706 0.324 1.539 0.381

Dysgeusia 0.539 0.095 3.057 0.486

Anosmia/Hyposmia 0.105 0.015 0.747 0.024

Viral load (25) 5.332 1.018 27.928 0.048

OR: odds ratio; CI: confidence interval.

Table 5. Model B. Alternative model

Characteristics, 
comorbidities and 
symptoms

OR 95% CI p‑value

Lower Superior

Age (65 years) 2.963 1.381 6.355 0.005

Dyspnea 5.91 3.052 11.446 < 0.001

Vomiting 3.858 1.299 11.452 0.015

Headache 0.326 0.181 0.586 < 0.001

Odynophagia 0.416 0.221 0.782 0.006

Anosmia/hyposmia 0.059 0.015 0.239 < 0.001

Viral load (25) 3.073 1.353 6.981 0.007

OR: odds ratio; CI: confidence interval.

may be more difficult to detect deterioration in olfactory 
function, either due to age or by the severity of other 
non-otorhinolaryngologic symptoms.

Several studies have been carried out comparing viral 
load in symptomatic and non-symptomatic patients, in 
which there was no significant difference, thus under-
standing that transmissibility is the same in both cases.

Our hypothesis was that evaluating the SARS-Cov-2 
viral load through Ct analysis of an initial sample could 
be a valuable clinical tool to identify patients at higher 
risk of intubation and death. In our study, the viral 
load was significant for severe cases, since those with 
> 25 were associated with the need for hospitalization, 
transfer to intensive care units, intubation, and even 
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higher mortality. This differs from a retrospective study in 
New York where the relationship between Ct and severity 
was demonstrated, where the value of Ct < 25 was inde-
pendently associated with in-hospital mortality and the 
need for intubation. In this study, Magleby et al. stratified 
the Ct value as follows: high Ct < 25, medium Ct 25-30, 
and low Ct > 3022. In a Mexican population study where 
21,110 confirmed cases of COVID-19 were included, they 
found that 53% had a high viral load, hospitalization was 
more frequent in subjects with a medium viral load and 
deaths were more prevalent in those with a high viral 
load23. In a Mexican pediatric population study, 176 pos-
itive tests were identified, of which Ct values were 
observed with a median of 31.9-34.01, 13.1% presented 
very high viral load, 9.1% high, 14.2% medium and 63.6 
% low, no relationship with sex or age was found24.

With the findings in our study, we could deduce that 
severe cases may have less risk of transmissibility than 
outpatient cases; however, they continue to be highly 
contagious. High viral load Ct < 25 was not associated 
with increased severity. Determining the Ct number in 
positive PCR tests could help at the clinical practice 
when interpreted in the right context.

By carrying out the study before vaccination and 
generation of other COVID-19 variants, it was possible 
to perform a homogeneous clinical evaluation, allowing 
adequate statistical analysis with clinical characteris-
tics. Among the weaknesses of the study, the PCR was 
performed in the first medical evaluation, so it could be 
different stages of the disease.

We propose that our findings are due to the role of 
innate immunity as a first line of antiviral defense. Innate 
immune responses limit viral entry, translation, replica-
tion, and assembly, help identify and eliminate infected 
cells, and coordinate and accelerate the development 
of adaptive immunity. Cell surface, endosomal, and 
cytosolic pattern recognition receptors respond to patho-
gen-associated molecular patterns to trigger inflamma-
tory responses and programmed cell death that limit 
viral infection and promote clearance. Excessive immune 
activation can cause systemic inflammation, which adds 
to that caused by obesity or smoking damage, causing 
serious diseases, highlighting the balance that must be 
achieved. Hence, these mechanisms could influence 
the viral load value obtained, as well as the different 
clinical conditions. So we know that, the protective fac-
tors are the elevation of anti-inflammatory cytokines, 
antibody response and T-cell activation, as well as the 
low expression of ACE2. Unlike risk factors with 
increased pro inflammatory cytokines, increased ACE2 
level, and TMPRSS2 expression25.

Conclusion

The presence of anosmia/hyposmia, odynophagia, 
and headache was more frequent in non-severe cases, 
which suggests better local immunity. Patients with 
more severe symptoms were associated with older age 
> 65 years, dyspnea, vomiting, and viral load Ct > 25. 
The findings on viral load may suggest less risk of viral 
transmissibility in patients under in-hospital manage-
ment compared to outpatients. Further studies are 
needed to establish the correlation of viral load with 
severity and outcomes. Innate immunity, as well as 
adaptive immunity, plays a fundamental role in the evo-
lution of SARS-Cov2 infection.
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