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Abstract

Background In COVID-19 patients, undetected co-infections may have severe clinical implications associated with increased

hospitalization, varied treatment approaches and mortality. Therefore, we investigated the implications of viral and bacterial

co-infection on COVID-19 clinical outcomes. Methods Nasopharyngeal samples were obtained from 48 COVID-19 patients (29%

ICU and 71% non-ICU) and screened for the presence of 24 respiratory pathogens using six multiplex PCR panels. Results We

found evidence of co-infection in 34 COVID-19 patients (71%). Influenza A H1N1 (n=17), Chlamydia pneumoniae (n=13) and

human adenovirus (n=10) were the most commonly detected pathogens. Viral co-infection was associated with increased ICU

admission (r=0.1) and higher mortality (OR 1.78, CI=0.38-8.28) compared to bacterial co-infections (OR 0.44, CI=0.08-2.45).

Two thirds of COVID-19 critically ill patients who died, had a co-infection; and Influenza A H1N1 was the only pathogen for

which a direct relationship with mortality was seen (r=0.2). Amongst comorbidities, co-infection in patients with diabetes was

associated with a significantly higher mortality (p=0.02). We also found that Troponin T was strongly related (p=0.001) with

ICU admission and could be used as a predictor of COVID-19 severity. Conclusions The similarity in clinical presentation for

both COVID-19 and Influenza makes it difficult to assess their impact on ICU admission and mortality. Our study highlights

the importance of screening for co-infecting viruses in COVID-19 patients, given the high prevalence of Influenza viruses. The

detection of co-infections in COVID-19 cases shows the importance of flu vaccination and warrants its increased coverage to

reduce the hospitalization and associated mortality.
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Abstract:

Background

In COVID-19 patients, undetected co-infections may have severe clinical implications associated with in-
creased hospitalization, varied treatment approaches and mortality. Therefore, we investigated the implica-
tions of viral and bacterial co-infection on COVID-19 clinical outcomes.

Methods

Nasopharyngeal samples were obtained from 48 COVID-19 patients (29% ICU and 71% non-ICU) and
screened for the presence of 24 respiratory pathogens using six multiplex PCR panels.

Results

We found evidence of co-infection in 34 COVID-19 patients (71%). Influenza A H1N1 (n=17), Chlamydia
pneumoniae (n=13) and human adenovirus (n=10) were the most commonly detected pathogens. Viral
co-infection was associated with increased ICU admission (r=0.1) and higher mortality (OR 1.78, CI=0.38-
8.28) compared to bacterial co-infections (OR 0.44, CI=0.08-2.45). Two thirds of COVID-19 critically ill
patients who died, had a co-infection; and Influenza A H1N1 was the only pathogen for which a direct
relationship with mortality was seen (r=0.2). Amongst comorbidities, co-infection in patients with diabetes
was associated with a significantly higher mortality (p=0.02). We also found that Troponin T was strongly
related (p=0.001) with ICU admission and could be used as a predictor of COVID-19 severity.

Conclusions

The similarity in clinical presentation for both COVID-19 and Influenza makes it difficult to assess their
impact on ICU admission and mortality. Our study highlights the importance of screening for co-infecting
viruses in COVID-19 patients, given the high prevalence of Influenza viruses. The detection of co-infections
in COVID-19 cases shows the importance of flu vaccination and warrants its increased coverage to reduce
the hospitalization and associated mortality.

Keywords: SARS-CoV-2, COVID-19, Influenza A H1N1, co-infection, ICU, comorbidities, mortality.

1. Introduction

The newly emergent Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) continues to circulate
outside of Wuhan, China since December 2019, and now exported to different countries all over the world
[1]. At the time of writing this report, there were nearly quarter of a million of Coronavirus Disease-19
(COVID-19) confirmed cases ranking Saudi Arabia as the 14th highest in the world [2]. Most hospitalized
patients needed admission to intensive care unit (ICU) and mortality reaches up to 50% in some cases [3].
Until now, twenty-two studies have reported co-infection in COVID 19 and of these 16 have evidence of viral
co-infection [4]. The prevalence of critical cases with viral co-infection has been reported up to 35% [5].
Early literature reported that 50% of the patients who died had coexisting bacterial infection [6]. This is
higher than what was previously seen during influenza pandemic in 2009 when 25% of patients with influenza
infection had secondary bacterial co-infection [7].

SARS-CoV-2 is a single stranded RNA Betacoronavirus and belongs to the corona virus family [8]. Phyloge-
netic analysis has revealed that SARS-CoV-2 is closely related to SARS-CoV-1 and genetically distinct from
MERS-CoV [9]. SARS-CoV-2 utilizes ACE-2 receptors in the lower airways which are also cellular receptors
for other viruses in this group i.e. SARS-CoV and MERS-CoV [10]. Despite similar expression of ACE-2
receptors in different organs of the body, the most affected site is the lung tissue [11]. Influenza strains also
cause lung damage by ACE-2 receptor mediated effects [12]. On the other hand, since the ACE-2 receptor
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used by SARS-CoV-2 is an interferon-stimulated gene, it was hypothesized that type I and III interferons
produced after bacterial infection may facilitate SARS-CoV-2 attachment [13].

During pandemics, the detection of the novel virus may lead to underreporting of other pathogens that
could be the etiological agent contributing to the disease severity. Indeed, during the influenza A (H1N1)
pdm09 pandemic, 44.3% of patients had unreported respiratory viruses [14]. Earlier studies indicated that
common viral co-infections reported in COVID-19 patients include Influenza viruses, RSV and adenovirus
[5,15]. Bacterial co-infection is more frequent than viral co-infection and it is homogeneously distributed
in mild, moderate or severe illness [16]. The commonly known COVID-19 co-infecting bacteria are My-
coplasma pneumoniae, Pseudomonas aeruginosa, Hemophilus influenzae and Chlamydia pneumoniae [17].
These findings clearly emphasize on the importance of screening for other clinically important co-circulating
respiratory pathogens contributing to the etiology of the disease.

The novelty of SARS-CoV-2 and the complicity of profound etiology of co-infection urged for consideration
of comorbidities. COVID-19 patients with an underlying condition such as hypertension, diabetes, chronic
kidney disease, and heart failure have been associated with COVID-19 disease severity [18]. Cardiovascular
disease has a strong association with COVID-19 pneumonia (14.4%) [7,18] and other common comorbidities
found in patients with SARS-CoV-2 include hypertension (18.6%) and diabetes (11.9%) [19]. Comorbidities
were also linked with increased hospitalization, prolonged stay in ICU, and mortality. Hypertension was
more prevalent in severe cases (47%) compared to diabetes (24%) and Respiratory diseases (10%) among
other underlying conditions [18].

In conclusion, an extensive evidence revealed that viral infections predispose patients to subsequent bacterial
co-infections [7]. This knowledge gap is puzzling as limited number of reports have described prevalence of
bacterial and viral co-infections simultaneously. We hypothesized that undetected co-infections might have
severe clinical implications associated with increased hospitalization, prolonged stay in ICU, and mortality.
Therefore, our aim was, to investigate the presence of viral and bacterial co-infections in ICU and non-ICU
COVID-19 patients.

2. Materials and Methods

2.1. Patients

Forty-eight extracted RNA samples were collected from COVID-19 positive patients, of which 14 were critical
cases needing admission to the ICU, and 34 were mild cases. Nine patients died, (all were admitted to the
ICU), and the rest survived. Thirteen patients were Saudi citizens and the rest were non Saudi (Table 1).
Samples were collected from King Fahad Hospital, Medina, Saudi Arabia. This study was approved by
the Institutional Review Board at King Fahad Medical City (IRB Log No. 20-160). Informed consent to
participate was waived or not required since only remaining left-over specimens were used for this study.

2.2. RNA Extraction and PCR

Nasopharyngeal swabs were collected from the patients and carried in a suitable fluid viral medium. The
RNA extraction of SARS-CoV-2 was performed via a MagNA Pure 96 machine, using the MagNA Pure 96
DNA and Viral NA small volume kit, (Roche, Germany). The amplification RT-PCR was performed within
a Roche LightCycler® 480 II instrument, using the RNA Process Control Kit Trial Pack (Roche, Germany)
with an internal, positive, and negative controls.

2.3. Real time PCR panel for Co-infection

Eluted nucleic acid was stored at -80degC until use, and all reagents were stored at -20degC. The quantita-
tive RT-PCR assay for respiratory pathogens was performed on 7500 Fast Real-Time PCR System (Thermo
Fisher scientific, USA). Extracted nucleic acid was screened by RT/q-PCR with Fast Track Diagnostic (FTD)
Respiratory pathogens 21 plus kit (Biomerieux, Luxemburg) following the manufacturer’s protocol using six
multiplex PCR for respiratory viruses and bacteria. The pathogens tested were influenza A (H1N1) virus
(swine-lineage); influenza B virus; human rhinovirus; human coronaviruses NL63, 229E, OC43 and HKU1;
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human parainfluenza viruses 1, 2, 3 and 4; human metapneumoviruses A/B; human bocavirus; human respi-
ratory syncytial viruses A/B; human adenovirus; enterovirus; human parechovirus; Mycoplasma pneumoniae;
Chlamydia pneumoniae; Staphylococcus aureus; Streptococcus pneumoniae; Haemophilus influenzae B. Six
positive controls were performed with every run (five for each viral panel and one for bacterium) on multi-
plex PCR assay. Moreover, six negative controls (NC), provided in the kit, were incorporated with each run.
Briefly, 10 μl of the extracted nucleic acid was used as a template in each reaction for the FTD Respiratory
pathogens 21 plus multiplex PCR following the manufacturer’s instructions. The thermal cycle amplification
condition includes reverse transcription for 15 minutes at 42°C, denaturation for 3 minutes at 94°C followed
by 40 cycles for 8 seconds at 94°C, and 34 seconds at 60°C. Specimens were determined to be pathogen po-
sitive or negative based on the manufacturer’s interpretation criteria, and 12 samples were randomly chosen
and repeated to confirm the results.

2.4. Data collection

Demographic and clinical data (Table 1) were collected, including the following clinical laboratory results:
age, gender, history of chronic illness, Ct value, Dimar, CK, CK-MB, Trop, HB, Platalet, RBC, WBC,
Nutrophile, Lymph, CRP, Pro calciponin, Glucose, ESR, LDL, AST, ALT, Ureae, Creatinine, LDH, Albumin,
Total Protein and blood group.

Table 1: at the end of this file.

2.5. Statistical Analysis

Minitab version 19.0 software was used for statistical analysis. All data was expressed as continuous varia-
bles. Continuous data was expressed by median for normally distributed variable i.e. age; whereas absolute
numbers were expressed as percentages. The paired t-test was used to compare continuous variables of nor-
mal distribution and non-normal distribution, respectively. We used Pearson Coefficient to show association
between the variables. Relationship of one response and multiple predictors was examined using linear re-
gression with best fitted model. Mortality was evaluated for bacterial and viral co-infections by using binary
logistic expression and expressed as odds ratio. MANOVA (multivariate analysis of variance) was used to
analyze mortality in the presence of co-infection and comorbidities and it was expressed as p-value. The
patients were grouped by disease severity, comorbidities and co-infection or not. Factors were adjusted for
age and gender. A 2-sided α of less than 0.05 was considered statistically significant.

3. Results

We investigated co-infection in 48 COVID-19 patients (including 37 males and 11 females), the male to
female ratio was 3:1. Median age of our study population was 52 years (1-92). Fourteen patients (29%)
needed admission to intensive care unit (ICU cases). The remaining 34 patients (71%) did not require
any admission and were classified as non-ICU cases. We found co-infections in thirty-four (71%) patients.
Although severity of disease was negatively correlated (r= -0.09) with presence of a co-infection (p=0.53),
it had a positive correlation with co-infecting viruses (r=0.1, p=0.42) by Pearson Coefficient as shown in
Figure 1. Furthermore, statistically significant inverse association was observed (r=-0.28, p=0.04) between
bacterial co-infection and ICU admission. In other words, this association indicates less likelihood of ICU
admission with bacterial co-infection. The most commonly found co-infecting virus was influenza A H1N1 in
17 patients (36%). Chlamydia pneumoniae was the most prevalent co-infecting bacteria found in 13 patients
(28 %). Other organisms detected were adenovirus in 10 patients and S. aureus in 4 patients (Figure 1). It
was noticed that 4/17 (23.5%) patients with H1N1 had coexisting Chlamydia pneumoniae.

Figure 1: at the end of this file

Binary logistic regression was used to analyze the mortality association with viral and bacterial co-infections.
The mortality rate was 19% (9/48), all of them were critically ill COVID-19 patients admitted to ICU, and
two thirds of SARS-CoV-2 critically ill patients who died had co-infection (6/9). We found that viral co-
infections (OR=1.78, CI=0.38-8.28) had higher mortality compared to bacterial co-infections (OR=0.44,
CI=0.08-2.45) in COVID-19 patients. We observed that there was positive correlation between co-infecting
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influenza H1N1 virus and mortality (r=0.2). On the other hand, co-infection with Chlamydia pneumoniae
(r=-0.17) did not have any correlation with mortality in SARS-CoV-2 infected patients.

In terms of comorbidities, the prevalence of diabetes was 54% (26/48), cardiovascular disease 4% (2/48)
and chronic kidney disease (CKD) 10.4% (5/48). Co-infection was present in 20/34 (58.8%) in diabetics,
2/34 (5.9%) in cardiovascular diseases and 4/34 (11.7%) in CKD. There was no significant association of
co-infection with diabetes (p=0.25), cardiovascular disease (p=0.24) nor CKD (p=0.7). However, when we
used MANOVA test to look at association of death and co-infection with diabetes, cardiovascular disease or
CKD, it showed that statistically significant correlation was present between diabetes and death (p=0.02).

We also investigated the importance of different blood markers in COVID-19 patients (Table 1). Specifically,
we examined association of d-dimer, lactate dehydrogenase (LDH) and Troponin T with the severity of
disease. These markers have been interchangeably used to predict disease severity and the potential of ICU
admission. Using linear regression, we found that Troponin T was strongly related (p=0.001) with disease
severity compared to LDH (p=0.12) and d-dimer (p=0.25). This finding may imply that Troponin T could
be used as a predictor for disease severity.

4. Discussion

In this study, we investigated the presence of co-infections in COVID-19 cases and analyzed their clinical and
epidemiological characteristics. Viral and/or bacterial co-infections have been linked to disease severity, both
directly, indirectly and through immunological response [20,21]. The occurrence of respiratory co-infections in
this study was estimated to be as high as (71%) and two thirds of SARS-CoV-2 critically ill patients who died
had co-infection. Influenza A H1N1 was the most common detected among the co-infecting viruses (64%).
Several studies have partially reported the prevalence of COVID-19 pneumonia and influenza co-infection
[22,23,24]. However, data on clinical significance of influenza A H1N1 co-infections with COVID-19 is limited.
The similarity of clinical manifestations between the circulating respiratory viruses such as influenza A
H1N1 and SARS-CoV-2 makes the differentiation very difficult [16,25]. Influenza A H1N1 dominance in our
study population implies simultaneous outbreaks of two viruses and clearly emphasizes on the importance
of screening for other clinically important co-circulating respiratory pathogens. Besides, numerous studies
have shown viral co-infections being associated with disease severity, acute respiratory distress syndrome
(ARDS) and even death. These studies show higher intensive care admission rates [5,23,26,27]. In this
study, influenza A H1N1-COVID-19 co-infected patients were more severe and required ICU admission. Our
results also showed a high case fatality rate among COVID-19 viral co-infections (r=0.2). The severity and
higher case fatality among COVID-19 viral co-infected patients may be attributed to influenza A H1N1,
which is known to induce a strong inflammatory cytokine/chemokine response (cytokine storm). Thus,
the H1N1-COVID-19 co-infection could accelerate and play a major role in ARDS development. Our data
showed that, during pandemics, focusing on the detection of the novel virus may lead to underreporting of
other pathogens that could be the etiological agents contributing to disease severity.

Unfortunately, the topic of co-infection is usually embedded within the characteristics of patients in COVID-
19 studies. However, our study investigated the coexistence of a full panel of respiratory viruses and bacteria
simultaneously in order to investigate whether viral infection predisposes patients to subsequent bacterial
co-infection or not. Indeed, secondary bacterial co-infection is identified as the main cause of death in pa-
tients with viral pneumonia [7,28]. A study of common respiratory pathogens presenting as co-infections
with COVID-19 from China revealed that the Mycoplasma pneumoniae and Legionella pneumophila were
the most common bacteria detected among COVID-19 patients [29]. In this study, bacterial co-infection
was present in 36% of patients and the most common bacterial co-infection among COVID-19 patients was
Chlamydia pneumoniae with infection rate of (27%). Our findings appeared to be inconsistent with pre-
vious findings from China [29] which could be attributed to the diversity of geographical distribution of
circulating respiratory bacteria. Nevertheless, the C. pneumoniae infection is a common cause of acute res-
piratory infections with seroprevalence of (34.1%) in patients with fatal COVID-19 [30]. However, inverse
association was observed between bacterial co-infection and disease severity. This association indicates less
likelihood of ICU admission with bacterial co-infection which may be attributed to empirical use of antibiotics
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during the early onset of COVID-19 disease. It could be argued that COVID-19 patients co-infected with C.
pneumoniae who are treated with antibiotics may have suppressed the opportunistic growth of potentially
fatal secondary bacterial infections decreasing the likelihood of ICU admission.

Many risk factors including older age, diabetes mellitus, cardiovascular disease, elevated LDH levels, high
levels of D-dimer and elevated inflammatory cytokines/ chemokines have been associated with adverse out-
comes in COVID-19. In our study, the prevalence of diabetes was (54%) and significant correlation was
present between death and co-infection with diabetes (p=0.02). This is expected as poor glycemic control
predisposes to impaired innate and adaptive immunity which might lead to decreased viral clearance [31].
The Troponin complex is a predictor for coronary syndrome and myocardial infarction. The high levels
of Troponin are significantly associated with acute myocardial infarction [32]. In this study, high levels
of Troponin T were detected among COVID-19 patients. We found that Troponin T was strongly related
(p=0.001) with disease severity compared to LDH (p=0.12) and d-dimer (p=0.25). This is explained by
presence of ACE-2 receptors on myocardial cells and presence of myocardial injury in SARS-CoV-2 infection
[33]. Several studies have revealed that the higher Troponin levels were increased in COVID-19 patients’
ICU admission and in-hospital death [16,34,35]. Our results confirm the important role of Troponin in the
COVID-19 severity. We think the Troponin levels can be used as a marker of COVID-19 severity and a
predictor of cardiovascular events.

Our study has some limitations. First, only 48 COVID-19 patients were included. Second, our study did not
include asymptomatic or pre-symptomatic cases or healthy non- COVID-19 controls. Third, important data
about cardiovascular complications and echocardiography were not included. The impact of a secondary
bacterial infections is less clear and cannot be established with the current study design. Future studies to
overcome these limitations need to be considered.

In conclusion, the similarity in clinical presentation for both COVID-19 and Influenza makes it difficult to
assess their impact on ICU admission and mortality. Our study highlights the importance of screening for
co-infecting viruses in COVID-19 patients, given the high prevalence of Influenza viruses. The detection of
co-infections in COVID-19 cases shows the importance of flu vaccination and warrants its increased coverage
to reduce the hospitalization and associated mortality.
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Table 1: Demographics and clinical characteristics of COVID-19 patients

Baseline variables All patients Non-ICU ICU P-value

(N=48) N=34 (71%) N=14 (29%)
DEMOGRAPHICS
Age
Median 52±18 46±18 62±15
Range 1-92 1-92 25-74
Gender
Men 37 (77%) 26 (70%) 11 (30%) p = .87*
Women 11 (23%) 8 (73%) 3 (27%)
CHARACTERISTICS
Co-infection
co-infection 34 (71%) 25 (74%) 9 (26%) p = .52*
No co-infection 14 (29%) 9 (64%) 5 (36%)
Multiple co-infection 11 (32%) 9 (82%) 2 (18%) p = .49*
Single co-infection 23 (68%) 16 (71%) 7 (29%)
Number of coexisting
Viruses 30 (64%) 21 (70%) 9 (30%) p = .42*
Bacteria 17 (36%) 15 (88%) 2 (12%) p = .04**
Case Fatality Rate 9 (19%) - 9 (100%)
Comorbidities
Cardiovascular disease 2 (4%) 0 (0%) 2 (100%) p = .22*
Chronic Kidney disease 5 (10%) 4 (80%) 1 (20%) p = .67*
Diabetes 26 (54%) 22 (85%) 4 (15%) p = .02**
Serological markers (median)
d-dimer (0-0.5) 1.6 1.7 1.4 p = .25*
LDH (98-192) 336 335 349 p = .12*
Troponin T (0-0.07) 0.01 0.01 0.05 p < .05**

*Not significant at p < .05 **Significant at p > .05
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Figure 1: Frequency of Coexistence of Pathogens in COVID-19 Patients. The figure shows the
frequency of viral vs bacterial co-infections in COVID-19 patients. The number of viruses detected in 14 ICU
patients was 9 (82%) compared to 2 bacteria (18%). Remarkably, 8 coexisting pathogens (*) were detected
in 6 dead patients. In 34 non-ICU patients, 36 coexisting pathogens were detected and none of them were
involved in mortality (ο). The percentages of the commonly co-infecting viruses and bacteria are also listed
according to their prevalence. Remarkably, 5 out of 6 ICU patients died in the coexistence of influenza A
H1N1.
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