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ABSTRACT

Aims: This study aimed to investigate the prevalence of and the factors associated with the diagnosis of
coronavirus disease 2019 (COVID-19) in symptomatic patients followed in general practices in Germany
between March 2020 and March 2021.
Methods: Symptomatic patients tested for COVID-19 and followed in one of 962 general practices in
Germany from March 2020 to March 2021 were included in this study. Covariates included sex, age, and
comorbidities present in at least 3% of the population. The association between these factors and the
diagnosis of COVID-19 was analyzed using an adjusted logistic regression model.
Results: A total of 301,290 patients tested for COVID-19 were included in this study (54.7% women; mean
[SD] age 44.6 [18.5] years). The prevalence of COVID-19 was 13.8% in this sample. Male sex and older age
were positively and significantly associated with COVID-19. In terms of comorbidities, the strongest pos-
itive associations with COVID-19 were observed for cardiac arrhythmias, depression, and obesity. There
was also a negative relationship between the odds of being diagnosed with COVID-19 and several condi-
tions such as chronic sinusitis, asthma, and anxiety disorders.
Conclusions: Approximately 14% of symptomatic patients tested for COVID-19 were diagnosed with
COVID-19 in German general practices from March 2020 to March 2021.
© 2021 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

(Baloch et al., 2020; Meyerowitz et al., 2020), which has triggered
a worldwide and ongoing pandemic. As of 30 July 2021, more than

Coronavirus disease 2019 (COVID-19) refers to the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), a single-
stranded RNA virus with predominant respiratory transmission
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196 million people have contracted COVID-19, while the number of
deaths has exceeded 4.2 million (World Health Organization, 2021).
Despite the growing number of people being vaccinated against
COVID-19, the weekly number of new cases in the world remains
relatively high (e.g., more than 2.5 million cases per week in June
and July 2021) (World Health Organization, 2021). Furthermore,
multiple SARS-CoV-2 variants have been described (Gémez et al.,
2021), and there is a significant risk of recurrent COVID-19 waves
over the years ahead. In this context, further research is warranted
to better understand the epidemiology of COVID-19.

In the past months, several studies have analyzed the preva-
lence of COVID-19 and the characteristics of people diagnosed with
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this disease. The proportion of individuals diagnosed with COVID-
19 has been found to vary widely between settings and coun-
tries (Elimian et al., 2020; Fan et al., 2020; Guerriero et al., 2021;
Haimovich et al., 2020; Lusignan et al., 2020; Mani et al., 2020;
Pouwels et al., 2021; Santos-Hovener et al., 2020; Shen et al., 2020;
Shepard et al., 2021; Sundaram et al., 2021). For example, a retro-
spective study, including 24,081 healthcare workers who had na-
sopharyngeal swabs taken in an academic medical center in the
United States between March and June 2020, showed that the
prevalence of COVID-19 was around 0.59% (Shepard et al., 2021).
By contrast, another cross-sectional study of 3,802 patients fol-
lowed in primary care practices in the United Kingdom in January-
April 2020 revealed that more than 15% of the sample had tested
positive for SARS-CoV-2 (Lusignan et al., 2020). Despite the fact
that these studies have advanced the field, most of them included
participants irrespective of their potential symptomatology, and
thus little is known about the specific prevalence of COVID-19 in
those with common COVID-19 symptoms (e.g., cough, fatigue or
fever). In terms of the sociodemographic and clinical character-
istics of individuals diagnosed with COVID-19, the literature has
also yielded some conflicting findings. For example, one study has
found people with diabetes to be at an increased risk of COVID-19
compared to their counterparts without diabetes (Fan et al., 2020),
while another has found that this is not the case (Lusignan et al.,
2020). Taking these discrepancies into consideration, more data are
needed on the rate of COVID-19 diagnosis among individuals with
common COVID-19 symptoms, and on the sociodemographic and
clinical characteristics of this population.

Therefore, the aim of this study was to investigate the preva-
lence of and the factors associated with COVID-19 diagnosis in
symptomatic patients tested for COVID-19 and followed in general
practices in Germany between March 2020 and March 2021.

Methods
Database

This retrospective study used data from the Disease Analyzer
database (IQVIA), a database containing demographic, clinical, bi-
ological, and pharmaceutical data obtained in primary care prac-
tices (Rathmann et al., 2018). These data are collected in an anony-
mous format from general and specialized practices. Diagnoses are
coded using the German version of the International Classifica-
tion of Diseases, 10t revision (ICD-10), and prescriptions using
the Anatomical Classification of Pharmaceutical Products of the Eu-
ropean Pharmaceutical Marketing Research Association (EphMRA).
The quality of the data available in the database is regularly as-
sessed on the basis of several criteria such as completeness of doc-
umentation and linkage between clinical and pharmaceutical data
(Rathmann et al., 2018). The Disease Analyzer database contains
data from around 3% of all general and specialized practices in
Germany. Multiple characteristics (i.e., age of physician, specialty,
community size category, and German federal state) are used to
select practices for inclusion in the database. Finally, previous re-
search has shown that this database is representative of all outpa-
tient practices in Germany (Rathmann et al., 2018).

Study population

This study included all patients aged >14 years displaying
COVID-19-like symptoms who were tested for COVID-19 and fol-
lowed in one of 962 general practices in Germany between March
2020 and March 2021. The index date corresponded to the date
on which the COVID-19 test was documented. If multiple COVID-
19 tests were performed for the same individual, the index date
corresponded to the first test.
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COVID-19 diagnosis relied on two ICD-10 codes: U07.1 (COVID-
19, virus identified) and U07.2 (COVID-19, virus not identified).

Study covariates

Study covariates included sex, age, and a number of conditions
documented in at least 3% of the sample within 12 months prior
to the index date. These conditions were: hypertension (ICD-10:
110); thyroid gland disorders (ICD-10: E00-EQ7); depression (ICD-
10: F32 and F33); gastritis and duodenitis (ICD-10: K29); der-
matitis and eczema (ICD-10: L20-L30); lipid metabolism disorders
(ICD-10: E78); somatoform disorders (ICD-10: F45); reaction to se-
vere stress, and adjustment disorders (ICD-10: F43); chronic si-
nusitis (ICD-10: ]J32); osteoarthritis (ICD-10: M15-M19); sleep dis-
orders (ICD-10: F51 and G47); reflux diseases (ICD-10: K20-K22);
chronic headache (ICD-10: G43 and G44); asthma (ICD-10: J45
and ]46); diabetes mellitus (ICD-10: E10-E14); obesity (ICD-10:
E66); phlebitis and thrombosis (ICD-10: 180-184); allergic rhinitis
(ICD-10: J30); anxiety disorders (ICD-10: F41); cardiac arrhythmias
(ICD-10: 146-149); noninfective enteritis and colitis (ICD-10: K50-
K52); chronic obstructive pulmonary disease (COPD; ICD-10: J44);
spondylosis (ICD-10: M47); vitamin D deficiency (ICD-10: E55);
mononeuropathies (ICD-10: G56-G59); cancer (ICD-10: C00-C97);
and iron deficiency anemia (ICD-10: D50).

Statistical analyses

The demographic and clinical characteristics of the study pop-
ulation were analyzed. The prevalence of COVID-19 was also esti-
mated by dividing the number of people diagnosed with COVID-
19 by the number of symptomatic patients tested for COVID-19.
Finally, the relationship between demographic and clinical vari-
ables and COVID-19 diagnosis was studied using a logistic regres-
sion model. This logistic regression model included COVID-19 di-
agnosis as the dependent variable, and sex, age, and all conditions
mentioned above as the independent variables. The results of the
regression analysis are displayed as odds ratios (ORs) and 95% con-
fidence intervals (ClIs). P-values lower than 0.05 were considered
statistically significant. Analyses were performed using SAS 9.4 and
R 4.1.0 (R Core Team, 2021).

Results

This study included 301,290 symptomatic patients tested for
COVID-19 and followed in 962 general practices. Of these, 54.7%
were women and the mean (standard deviation) age was 44.6
(18.5) years (Table 1). The three most common conditions were
hypertension (16.4%), thyroid gland disorders (12.3%), and depres-
sion (12.0%). The prevalence of COVID-19 was 13.8% in the over-
all sample. The results of the adjusted logistic regression analysis
are displayed in Figure 1. COVID-19 diagnosis was positively and
significantly associated with male sex (OR 1.04, 95% CI: 1.02-1.06)
and older age (reference: 14-25 years; ORs ranging from 1.07 [95%
Cl: 1.03-1.11] in the age group 26-35 years to 1.80 [95% CI: 1.73-
1.88] in the age group >65 years). In terms of comorbidities, there
was a positive and significant relationship between COVID-19 di-
agnosis and cardiac arrhythmias (OR 1.33, 95% CI: 1.26-1.39); de-
pression (OR 1.18, 95% CI: 1.14-1.23); obesity (OR 1.17, 95% CI: 1.12-
1.23); iron deficiency anemia (OR 1.11, 95% CI: 1.05-1.18); diabetes
mellitus (OR 1.10, 95% CI: 1.05-1.15); phlebitis and thrombosis (OR
1.06, 95% CI: 1.01-1.11); gastritis and duodenitis (OR 1.05, 95% CI:
1.01-1.09); osteoarthritis (OR 1.05, 95% CI: 1.01-1.09); and hyper-
tension (OR 1.04, 95% CI: 1.00-1.07). By contrast, factors negatively
and significantly associated with the odds of being diagnosed with
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Variable

Male sex

Age 26-35 years

Age 3645 years

Age 46-55 years

Age 56-65 years

Age >65 years
Hypertension

Thyroid gland disorders
Depression

Gastritis and duodenits
Dermatitis and eczema
Lipid metabolism disorders
Somatoform disorders
Reaction to severe stress, and adjustment disorders
Chronic sinusitis
Osteoarthritis

Sleep disorders

Reflux diseases

Chronic headache

Asthma

Diabetes mellitus

Obesity

Phlebitis and thrombosis
Allergic hinitis

Anxiety disorders

Cardiac arthythmias
Noninfective enteritis and colitis
Chronic obstructive pulmonary disease
Spondylosis

Vitamin D deficiency
Mononeuropathies

Cancer

Iron deficiency anemia
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OR (95% Cl) P-value
1.04 (1.02-1.06) <0.001
1.07 (1.03-1.11) <0.001
1.14 (1.10-1.19) <0.001
—— 1.30 (1.26-1.35) <0.001
— 1.37 (1.32-1.43) <0.001
e 1.80 (1.73-1.88) <0.001
1.04 (1.00-1.07) 0.042
0.98 (0.95-1.01) 0.185
. 1.18 (1.14-1.23) <0.001
1.05 (1.01-1.09) 0.009
1.03 (1.00-1.07) 0.065
0.96 (0.93-1.00) 0.047
0.83 (0.81-0.87) <0.001
0.85 (0.82-0.89) <0.001
0.75 (0.72:0.79) <0.001
1.05 (1.01-1.09) 0018
0.89 (0.85-0.93) <0.001
0.97 (0.93-1.01) 0173
0.88 (0.84-0.92) <0.001
0.81(0.77-0.85) <0.001
1.10 (1.05-1.15) <0.001
—_— 1.47 (1.12-1.23) <0.001
1.06 (1.01-1.11) 0.023
0.90 (0.86-0.96) <0.001
0.82 (0.77-0.87) <0.001
—_— 1.33 (1.26-1.39) <0.001
0.95 (0.90-1.00) 0.056
0.85 (0.80-0.90) <0.001
0.94 (0.89-0.99) 0.022
0.84 (0.79-0.89) <0.001
0.95 (0.90-1.01) 0.080
0.88 (0.83-0.93) <0.001
1.11 (1.05-1.18) <0.001

OR with 95% ClI

Figure 1. Relationship between demographic and clinical variables and COVID-19 diagnosis in symptomatic patients tested for COVID-19 and followed in general practices

in Germany between March 2020 and March 2021.

Abbreviations: CI = confidence interval; COVID-19 = coronavirus disease 2019; OR = odds ratio.
Female sex and age 14-25 years were the reference group for sex and age, respectively.
The adjusted logistic regression model included all demographic and clinical variables displayed in the figure.

Table 1

Demographic and clinical characteristics of the study population

(N = 301,290).
Variable Value
Sex
Female 54.7
Male 45.3
Age (in years)
Mean (standard deviation) 446 (18.5)
14-25 17.4
26-35 19.1
36-45 18.0
46-55 17.8
56-65 15.0
>65 12.8
Disorders diagnosed within 12 months prior to the index date
Hypertension 16.4
Thyroid gland disorders 12.3
Depression 12.0
Gastritis and duodenitis 114
Dermatitis and eczema 10.7
Lipid metabolism disorders 10.2
Somatoform disorders 9.3
Reaction to severe stress, and adjustment disorders 8.1
Chronic sinusitis 8.0
Osteoarthritis 7.9
Sleep disorders 7.8
Reflux diseases 7.1
Chronic headache 6.4
Asthma 6.0
Diabetes mellitus 5.9
Obesity 5.5
Phlebitis and thrombosis 4.9
Allergic rhinitis 4.8
Anxiety disorders 4.7
Cardiac arrhythmias 4.7
Noninfective enteritis and colitis 4.4
Chronic obstructive pulmonary disease 4.2
Spondylosis 4.1
Vitamin D deficiency 4.1
Mononeuropathies 3.8
Cancer 33
Iron deficiency anemia 3.2

Abbreviation: COVID-19 = coronavirus disease 2019.

Data are indicated in percentages unless otherwise specified.
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COVID-19 included chronic sinusitis (OR 0.75, 95% CI: 0.72-0.79);
asthma (OR 0.81, 95% CI: 0.77-0.85); anxiety disorders (OR 0.82,
95% CI: 0.77-0.87); somatoform disorders (OR 0.83, 95% CI: 0.81-
0.87); vitamin D deficiency (OR 0.84, 95% CI: 0.79-0.89); COPD (OR
0.85, 95% CI: 0.80-0.90); reaction to severe stress, and adjustment
disorders (OR 0.85, 95% CI: 0.82-0.89); cancer (OR 0.88, 95% CI:
0.83-0.93); chronic headache (OR 0.88, 95% CI: 0.84-0.92); sleep
disorders (OR 0.89, 95% CI: 0.85-0.93); allergic rhinitis (OR 0.90,
95% CI: 0.86-0.96); spondylosis (OR 0.94, 95% CI: 0.89-0.99); and
lipid metabolism disorders (OR 0.96, 95% CI: 0.93-1.00).

Discussion
Main findings

This retrospective study, including approximately 301,300
symptomatic patients tested for COVID-19 and followed in more
than 960 general practices in Germany between March 2020 and
March 2021, revealed that the prevalence of COVID-19 was around
14% in the sample. The adjusted regression analysis also found
that male and older patients were more likely to be diagnosed
with COVID-19 than female and younger patients. COVID-19 was
also positively associated with several conditions, and the OR of
these associations was the highest for cardiac arrhythmias, depres-
sion, and obesity. By contrast, negative relationships were observed
between COVID-19 diagnosis and multiple comorbidities such as
chronic sinusitis, asthma, and anxiety disorders. It is believed that
this is among the largest studies to have investigated the preva-
lence of and the factors associated with COVID-19 diagnosis in pri-
mary care practices.

Interpretation of the findings

This German study showed that slightly less than one in seven
symptomatic patients tested for COVID-19 was actually diagnosed
with COVID-19. It is difficult to compare this finding with the
findings of previous studies, as most of these studies included
symptomatic and asymptomatic participants and were conducted
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in other settings and countries. That being said, a U.S. study of
3,477 symptomatic healthcare workers reported that 5.3% of the
sample had COVID-19 (Mani et al., 2020). Another study using data
from 2,203 individuals from Germany collected in May-June 2020
found that none of the throat swabs taken was positive for SARS-
CoV-2 (Santos-Hovener et al., 2020). Based on these results, the
prevalence of COVID-19 reported in the present study appears to
be relatively high. This finding underlines the major role played
by general practices in the diagnosis of COVID-19 in Germany and
also reinforces the importance of preventive measures in control-
ling the transmission of the virus between patients of the same
practice in this country (Eisele et al., 2021).

The second aim of the present study was to identify demo-
graphic and clinical factors that were significantly associated with
the odds of being diagnosed with COVID-19. Interestingly, in line
with previous research (Fan et al., 2020; Lusignan et al., 2020),
there was a positive association between male sex, older age, and
COVID-19 diagnosis. Although the strength of the association be-
tween sex and the diagnosis of COVID-19 was relatively weak (i.e.,
OR 1.04), this association could potentially result in a difference of
hundreds of thousands of COVID-19 positive cases between men
and women at the population level. There are major sex-related
differences in the human physiological response against SARS-CoV-
2 at various stages of the infection (e.g., virus entry, virus sensing,
and innate immune response), and these differences may result in
a higher risk of COVID-19 or more persistent detection of viral RNA
in men than in women (Scully et al., 2020; Xu et al., 2020). From a
behavioral perspective, previous research has also shown that com-
pliance with preventive public measures is lower in men than in
women (Galasso et al., 2020), which may at least partially explain
the relationship between sex and COVID-19 diagnosis observed in
this study. Finally, several age-related changes such as immunose-
nescence, inflammation, and a dysregulated renin-angiotensin sys-
tem may increase COVID-19 susceptibility in older adults compared
to their younger counterparts (Mueller et al., 2020).

In terms of comorbidities, COVID-19 diagnosis was strongly
and positively associated with cardiac arrhythmias, depression, and
obesity. A substantial body of literature has suggested that car-
diac arrhythmias are relatively common in people with COVID-
19 (Cho et al., 2020; Gopinathannair et al., 2020; Rav-Acha et al.,
2021). One study of 390 hospitalized COVID-19 patients from Israel
showed that 7.2% of them had arrhythmias (e.g., tachyarrhythmias
or bradyarrhythmias) (Rav-Acha et al., 2021). Although cardiac ar-
rhythmias were documented prior to the diagnosis of COVID-19 in
this study conducted in Germany, it is possible that patients were
already infected with SARS-CoV-2 when diagnosed with cardiac ar-
rhythmias. With regard to mental health, previous literature has
also identified depression as a risk factor for COVID-19, and the
association between depression and COVID-19 could be mediated
by factors such as difficulties in complying with preventive mea-
sures and limited access to healthcare (Wang et al., 2021). Finally,
the current study found that people with obesity were more likely
to have COVID-19 than those without obesity, and this result is in
line with previous data. As a matter of fact, a meta-analysis of 50
studies (N = 18,260,378 participants) found a positive relationship
between obesity and SARS-CoV-2 infection and severe COVID-19
symptoms (Yang et al., 2020). Given that adipose tissues express
the angiotensin-converting enzyme 2 (ACE2) (Al-Benna, 2020), a
receptor that plays a key role in the cellular entry of SARS-CoV-
2 (Ziegler et al., 2020), excess adiposity may increase the risk of
COVID-19 diagnosis. Furthermore, there is strong evidence high-
lighting the negative impact of obesity on the immune response
to infection (Milner and Beck, 2012).

By contrast, this study found relatively strong negative associ-
ations between chronic sinusitis, asthma, and COVID-19. As previ-
ous research has obtained different findings in this regard, these
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relationships should be interpreted with caution. For example, in
a case-control study of 54 patients in a hospital setting in Spain,
chronic rhinosinusitis was significantly associated with prolonged
SARS-CoV-2 RNA shedding (Recalde-Zamacona et al., 2021). Re-
garding asthma, a systematic review and meta-analysis of 131
studies (N = 410,382 patients) identified a substantial degree of
variability in the prevalence of asthma among those diagnosed
with COVID-19 (the prevalence ranged from 1.1% to 16.9%), while
there was no significant difference in this prevalence with respect
to COVID-19 severity (Liu et al., 2021). That being said, there is an
overlap in the symptoms of COVID-19, asthma, and chronic sinusi-
tis, and, for example, the prevalence of COVID-19 has been found
to be significantly lower in asthma patients with suspected COVID-
19 than in their counterparts without asthma (Cao et al., 2021).
Moreover, as fear of being diagnosed with COVID-19 is relatively
common in individuals with asthma or other conditions affecting
the airway (de Boer et al., 2021; Mousing and Sgrensen, 2021), ad-
herence to preventive measures may be higher in these individu-
als than in the general population. A cross-sectional study includ-
ing 2,372 young adults from Mexico indicated that adherence to
guidelines aimed at preventing the spread of COVID-19 was sig-
nificantly higher in those with asthma (69.2%) than in those with-
out asthma (43.8%) (Vazquez-Nava et al., 2020). Finally, the present
German study found a negative relationship between anxiety dis-
orders and COVID-19 diagnosis. Although psychiatric disorders are
associated with an increased risk of COVID-19 (Taquet et al., 2021),
less is known about the specific effects of pre-existing anxiety dis-
orders on the incidence of SARS-CoV-2 infection, and some data
suggest that compliance with preventive measures is higher when
anxiety is present (Apisarnthanarak et al.,, 2020; Mevorach et al.,
2021). These data could explain why patients with anxiety disor-
ders had lower odds of being diagnosed with COVID-19 than those
without anxiety disorders in the present German study.

Public health implications and directions for future research

The results of the present study conducted in Germany showed
that around 14% of symptomatic patients who were tested for
COVID-19 were diagnosed with the disease. Given that slightly less
than one out of five patients diagnosed with COVID-19 will develop
a severe form of the disease (Hu et al., 2020), it is of particular
importance to follow up on COVID-19 patients on a regular basis
and to avoid any potential delay in the referral of those with se-
vere COVID-19 symptoms to emergency departments. In addition,
as individuals with COVID-19 are likely to be infectious for up to
10 days following the onset of symptoms (Walsh et al., 2020), gen-
eral practitioners should promote self-isolation at home and en-
sure that contact is limited among household members. Finally,
healthcare providers should bear in mind that several conditions
such as cardiac arrhythmias, depression, and obesity may be risk
factors for or correlates of symptomatic COVID-19. In terms of fu-
ture research, further studies are needed to analyze the prevalence
of COVID-19 in primary care practices in more detail, while addi-
tional data of a longitudinal nature are required to better identify
factors significantly associated with SARS-CoV-2 infection.

Strengths and limitations

The major strengths of this study are the large sample size and
the use of data obtained in more than 960 general practices. How-
ever, the study results should be interpreted in the light of several
limitations. First, no COVID-19-like symptoms were documented in
the database, and it was therefore not possible to assess the preva-
lence of specific symptoms (e.g., cough, fatigue, or fever) in the
sample and their individual association with COVID-19 diagnosis.
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Second, there was a lack of data on health behaviors (e.g., physi-
cal activity or adherence to preventive measures), although these
behaviors may predict the risk of being diagnosed with COVID-19.
Third, a substantial proportion of patients with COVID-19 may have
been diagnosed in emergency departments, and the prevalence
of COVID-19 may thus have been underestimated in the present
study. Furthermore, people at a particular risk of developing se-
vere COVID-19 (e.g., those with obesity or COPD) may have been
followed in specialized practices, potentially biasing the estimates
obtained on the basis of the logistic regression analysis.

Conclusions

This study, which included around 301,300 symptomatic pa-
tients tested for COVID-19 and followed in general practices in Ger-
many between March 2020 and March 2021, found that approxi-
matively 14% of the patients were diagnosed with COVID-19. Male
sex, older age, and several comorbidities (e.g., cardiac arrhythmias,
depression, and obesity) were significantly and positively associ-
ated with COVID-19, while there was also a negative relationship
between a wide range of conditions (e.g., chronic sinusitis, asthma,
and anxiety disorders) and the diagnosis of COVID-19. Further lon-
gitudinal studies are needed to confirm or refute the results of this
study.

Conflicts of interest: The authors declare that they have no
competing financial interests.

Funding: This research did not receive any specific grants from
funding agencies in the public, commercial, or not-for-profit sec-
tors.

Author contributions: Louis Jacob contributed to the design of
the study, managed the literature searches, wrote the first draft
of the manuscript, and corrected the manuscript. Ai Koyanagi,
Lee Smith, Josep Maria Haro, and Anna M. Rohe corrected the
manuscript. Karel Kostev contributed to the design of the study,
performed the statistical analyses, and corrected the manuscript.
All authors contributed to and have approved the final manuscript.

References

Al-Benna S. Association of high level gene expression of ACE2 in adipose tissue
with mortality of COVID-19 infection in obese patients. Obes Med 2020;19.
doi:10.1016/j.0bmed.2020.100283.

Apisarnthanarak A, Apisarnthanarak P, Siripraparat C, Saengaram P, Leeprechanon N,
Weber DJ. Impact of anxiety and fear for COVID-19 toward infection con-
trol practices among Thai healthcare workers. Infect Control Hosp Epidemiol
2020;41:1093-4. doi:10.1017/ice.2020.280.

Baloch S, Baloch MA, Zheng T, Pei X. The Coronavirus Disease 2019 (COVID-19) Pan-
demic. Tohoku ] Exp Med 2020;250:271-8. doi:10.1620/tjem.250.271.

de Boer GM, Houweling L, Hendriks RW, Vercoulen JH, Tramper-Stranders GA,
Braunstahl G-J. Asthma patients experience increased symptoms of anxiety, de-
pression and fear during the COVID-19 pandemic. Chron Respir Dis 2021;18.
doi:10.1177/14799731211029658.

Cao L, Lee S, Krings ]G, Rauseo AM, Reynolds D, Presti R, et al. Asthma in patients
with suspected and diagnosed coronavirus disease 2019. Ann Allergy Asthma
Immunol 2021;126:535-41 .e2. doi:10.1016/j.anai.2021.02.020.

Cho JH, Namazi A, Shelton R, Ramireddy A, Ehdaie A, Shehata M, et al.
Cardiac arrhythmias in hospitalized patients with COVID-19: A prospec-
tive observational study in the western United States. PLoS One 2020;15.
doi:10.1371/journal.pone.0244533.

Eisele M, Pohontsch NJ, Scherer M. Strategies in Primary Care to Face the SARS-
CoV-2 [COVID-19 Pandemic: An Online Survey. Front Med (Lausanne) 2021;8.
doi:10.3389/fmed.2021.613537.

Elimian KO, Ochu CL, Ebhodaghe B, Myles P, Crawford EE, Igumbor E, et al. Patient
characteristics associated with COVID-19 positivity and fatality in Nigeria: ret-
rospective cohort study. BM] Open 2020;10. doi:10.1136/bmjopen-2020-044079.

Fan VS, Dominitz JA, Eastment MC, Locke E, Green P, Berry K, et al. Risk factors for
testing positive for SARS-CoV-2 in a national US healthcare system. Clin Infect
Dis 2020:ciaa1624. doi:10.1093/cid/ciaa1624.

Galasso V, Pons V, Profeta P, Becher M, Brouard S, Foucault M. Gender differences
in COVID-19 attitudes and behavior: Panel evidence from eight countries. Proc
Natl Acad Sci USA 2020;117:27285-91. doi:10.1073/pnas.2012520117.

Gémez CE, Perdiguero B, Esteban M. Emerging SARS-CoV-2 Variants and Impact
in Global Vaccination Programs against SARS-CoV-2/COVID-19. Vaccines (Basel)
2021;9:243. doi:10.3390/vaccines9030243.

4

International Journal of Infectious Diseases 111 (2021) 37-42

Gopinathannair R, Merchant FM, Lakkireddy DR, Etheridge SP, Feigofsky S, Han JK,
et al. COVID-19 and cardiac arrhythmias: a global perspective on arrhyth-
mia characteristics and management strategies. ] Interv Card Electrophysiol
2020;59:329-36. doi:10.1007/s10840-020-00789-9.

Guerriero M, Bisoffi Z, Poli A, Micheletto C, Conti A, Pomari C. Prevalence
of SARS-CoV-2, Verona, Italy, April-May 2020. Emerg Infect Dis 2021;27.
doi:10.3201/eid2701.202740.

Haimovich A, Warner F, Young HP, Ravindra NG, Sehanobish A, Gong G, et al. Patient
factors associated with SARS-CoV-2 in an admitted emergency department pop-
ulation. ] Am Coll Emerg Physicians Open 2020. doi:10.1002/emp2.12145.

Hu Y, Sun ], Dai Z, Deng H, Li X, Huang Q, et al. Prevalence and severity of coron-
avirus disease 2019 (COVID-19): A systematic review and meta-analysis. ] Clin
Virol 2020;127. doi:10.1016/j.jcv.2020.104371.

Liu S, Cao Y, Du T, Zhi Y. Prevalence of Comorbid Asthma and Related Outcomes in
COVID-19: A Systematic Review and Meta-Analysis. The Journal of Allergy and
Clinical Immunology: In Practice 2021;9:693-701. doi:10.1016/].jaip.2020.11.054.

Lusignan S de, Dorward ], Correa A, Jones N, Akinyemi O, Amirthalingam G,
et al. Risk factors for SARS-CoV-2 among patients in the Oxford Royal
College of General Practitioners Research and Surveillance Centre primary
care network: a cross-sectional study. Lancet Infect Dis 2020;20:1034-42.
doi:10.1016/S1473-3099(20)30371-6.

Mani NS, Budak JZ, Lan KF, Bryson-Cahn C, Zelikoff A, Barker GEC, et al. Preva-
lence of Coronavirus Disease 2019 Infection and Outcomes Among Symptomatic
Healthcare Workers in Seattle, Washington. Clin Infect Dis 2020;71:2702-7.
doi:10.1093/cid/ciaa761.

Mevorach T, Cohen ], Apter A. Keep Calm and Stay Safe: The Relationship be-
tween Anxiety and Other Psychological Factors, Media Exposure and Compli-
ance with COVID-19 Regulations. Int ] Environ Res Public Health 2021;18:2852.
doi:10.3390/ijerph18062852.

Meyerowitz EA, Richterman A, Gandhi RT, Sax PE. Transmission of SARS-CoV-2: A
Review of Viral, Host, and Environmental Factors. Ann Intern Med 2020:M20-
5008. doi:10.7326/M20-5008.

Milner JJ, Beck MA. The impact of obesity on the immune response to infection.
Proc Nutr Soc 2012;71:298-306. doi:10.1017/S0029665112000158.

Mousing CA, Serensen D. Living with the risk of being infected: COPD patients’
experiences during the coronavirus pandemic. ] Clin Nurs 2021;30:1719-29.
doi:10.1111/jocn.15727.

Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19 dispropor-
tionately affect older people? Aging (Albany NY) 2020;12:9959-81.
doi:10.18632/aging.103344.

Pouwels KB, House T, Pritchard E, Robotham ]V, Birrell PJ, Gelman A, et al. Commu-
nity prevalence of SARS-CoV-2 in England from April to November, 2020: results
from the ONS Coronavirus Infection Survey. Lancet Public Health 2021;6:e30-8.
doi:10.1016/S2468-2667(20)30282-6.

R Core Team. R: A language and environment for statistical computing. Vienna, Aus-
tria: R Foundation for Statistical Computing; 2021.

Rathmann W, Bongaerts B, Carius H-], Kruppert S, Kostev K. Basic characteristics and
representativeness of the German Disease Analyzer database. Int ] Clin Pharma-
col Ther 2018;56:459-66. doi:10.5414/CP203320.

Rav-Acha M, Orlev A, Itzhaki I, Zimmerman SF, Fteiha B, Bohm D, et al. Cardiac ar-
rhythmias amongst hospitalised Coronavirus 2019 (COVID-19) patients: Preva-
lence, characterisation, and clinical algorithm to classify arrhythmic risk. Int ]
Clin Pract 2021;75:e13788. doi:10.1111/ijcp.13788.

Recalde-Zamacona B, Tomds-Veldzquez A, Campo A, Satrdstegui-Alzugaray B,
Fernandez-Alonso M, Iiiigo M, et al. Chronic rhinosinusitis is associated with
prolonged SARS-CoV-2 RNA shedding in upper respiratory tract samples: A
case-control study. ] Intern Med 2021;289:921-5. doi:10.1111/joim.13237.

Santos-Hovener C, Neuhauser HK, Rosario AS, Busch M, Schlaud M, Hoff-
mann R, et al. Serology- and PCR-based cumulative incidence of SARS-
CoV-2 infection in adults in a successfully contained early hotspot
(CoMoLo study), Germany, May to June 2020. Euro Surveill 2020;25.
doi:10.2807/1560-7917.ES.2020.25.47.2001752.

Scully EP, Haverfield ], Ursin RL, Tannenbaum C, Klein SL. Considering how biologi-
cal sex impacts immune responses and COVID-19 outcomes. Nat Rev Immunol
2020;20:442-7. doi:10.1038/s41577-020-0348-8.

Shen N, Zhu Y, Wang X, Peng ], Liu W, Wang F, et al. Characteristics and diagno-
sis rate of 5630 subjects receiving SARS-CoV-2 nucleic acid tests from Wuhan,
China. JCI Insight 2020;5. doi:10.1172/jci.insight.137662.

Shepard ], Kling SMR, Lee G, Wong F, Frederick ], Skhiri M, et al. The prevalence of
COVID-19 in healthcare personnel in an adult and pediatric academic medical
center. Am ] Infect Control 2021;49:542-6. doi:10.1016/j.ajic.2021.01.004.

Sundaram ME, Calzavara A, Mishra S, Kustra R, Chan AK, Hamilton MA,
et al. Individual and social determinants of SARS-CoV-2 testing and posi-
tivity in Ontario, Canada: a population-wide study. CMAJ 2021;193:E723-34.
doi:10.1503/cmaj.202608.

Taquet M, Luciano S, Geddes JR, Harrison PJ]. Bidirectional associations be-
tween COVID-19 and psychiatric disorder: retrospective cohort studies of
62 354 COVID-19 cases in the USA. Lancet Psychiatry 2021;8:130-40.
doi:10.1016/S2215-0366(20)30462-4.

Véazquez-Nava F, Vazquez-Rodriguez EM, Vazquez-Rodriguez CF, Betancourt NVO,
Ruiz OC, Rodriguez-Castillejos GC. Risk factors of non-adherence to guide-
lines for the prevention of COVID-19 among young adults with asthma in
a region with a high risk of a COVID-19 outbreak. J Asthma 2020;0:1-7.
doi:10.1080/02770903.2020.1818774.

Walsh KA, Spillane S, Comber L, Cardwell K, Harrington P, Connell ], et al. The
duration of infectiousness of individuals infected with SARS-CoV-2. ] Infect
2020;81:847-56. doi:10.1016/}.jinf.2020.10.009.



https://doi.org/10.1016/j.obmed.2020.100283
https://doi.org/10.1017/ice.2020.280
https://doi.org/10.1620/tjem.250.271
https://doi.org/10.1177/14799731211029658
https://doi.org/10.1016/j.anai.2021.02.020
https://doi.org/10.1371/journal.pone.0244533
https://doi.org/10.3389/fmed.2021.613537
https://doi.org/10.1136/bmjopen-2020-044079
https://doi.org/10.1093/cid/ciaa1624
https://doi.org/10.1073/pnas.2012520117
https://doi.org/10.3390/vaccines9030243
https://doi.org/10.1007/s10840-020-00789-9
https://doi.org/10.3201/eid2701.202740
https://doi.org/10.1002/emp2.12145
https://doi.org/10.1016/j.jcv.2020.104371
https://doi.org/10.1016/j.jaip.2020.11.054
https://doi.org/10.1016/S1473-3099(20)30371-6
https://doi.org/10.1093/cid/ciaa761
https://doi.org/10.3390/ijerph18062852
https://doi.org/10.7326/M20-5008
https://doi.org/10.1017/S0029665112000158
https://doi.org/10.1111/jocn.15727
https://doi.org/10.18632/aging.103344
https://doi.org/10.1016/S2468-2667(20)30282-6
http://refhub.elsevier.com/S1201-9712(21)00642-1/sbref0025
https://doi.org/10.5414/CP203320
https://doi.org/10.1111/ijcp.13788
https://doi.org/10.1111/joim.13237
https://doi.org/10.2807/1560-7917.ES.2020.25.47.2001752
https://doi.org/10.1038/s41577-020-0348-8
https://doi.org/10.1172/jci.insight.137662
https://doi.org/10.1016/j.ajic.2021.01.004
https://doi.org/10.1503/cmaj.202608
https://doi.org/10.1016/S2215-0366(20)30462-4
https://doi.org/10.1080/02770903.2020.1818774
https://doi.org/10.1016/j.jinf.2020.10.009

L. Jacob, A. Koyanagi, L. Smith et al.

Wang Q, Xu R, Volkow ND. Increased risk of COVID-19 infection and mortality in
people with mental disorders: analysis from electronic health records in the
United States. World Psychiatry 2021;20:124-30. doi:10.1002/wps.20806.

World Health Organization. WHO Coronavirus (COVID-19) Dashboard 2021. https:
/[covid19.who.int/.

Xu K, Chen Y, Yuan ], Yi P, Ding C, Wu W, et al. Factors Associated With Prolonged
Viral RNA Shedding in Patients with Coronavirus Disease 2019 (COVID-19). Clin
Infect Dis 2020;71:799-806. doi:10.1093/cid/ciaa351.

2

International Journal of Infectious Diseases 111 (2021) 37-42

Yang J, Ma Z, Lei Y. A meta-analysis of the association between obesity and COVID-
19. Epidemiol Infect 2020;149:e11. doi:10.1017/S0950268820003027.

Ziegler CGK, Allon SJ, Nyquist SK, Mbano IM, Miao VN, Tzouanas CN, et al.
SARS-CoV-2 Receptor ACE2 Is an Interferon-Stimulated Gene in Human Air-
way Epithelial Cells and Is Detected in Specific Cell Subsets across Tissues. Cell
2020;181:1016-35 .e19. doi:10.1016/j.cell.2020.04.035.



https://doi.org/10.1002/wps.20806
https://covid19.who.int/
https://doi.org/10.1093/cid/ciaa351
https://doi.org/10.1017/S0950268820003027
https://doi.org/10.1016/j.cell.2020.04.035

	Prevalence of and factors associated with COVID-19 diagnosis in symptomatic patients followed in general practices in Germany between March 2020 and March 2021
	Introduction
	Methods
	Database
	Study population
	COVID-19 diagnosis
	Study covariates
	Statistical analyses

	Results
	Discussion
	Main findings
	Interpretation of the findings
	Public health implications and directions for future research
	Strengths and limitations

	Conclusions
	References


