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Abstract

Background
The presence of opportunistic bacterial pathogens may complicate patients with coronavirus disease-
2019 (COVID-19), and characterizing their prevalence and spectrum during the early phase of the
pandemic is epidemiologically relevant. This study estimated the frequency and distribution of
respiratory bacterial pathogens detected by polymerase chain reaction (PCR) in hospitalized COVID-19
patients during the first period of the pandemic in Golestan Province, Iran.

Methods
This retrospective study was performed on patients with COVID-19 confirmed by real-time reverse
transcription (RT-PCR) who were hospitalized between June and November 2020. Nasal and
nasopharyngeal swabs were tested by PCR for eight respiratory bacterial pathogens. Demographic,
clinical, laboratory, and outcome data were extracted from medical records. Because upper-airway PCR
cannot detect colonization, non-viable DNA, and true lower-respiratory tract infection, all positive results
were interpreted as bacterial detection, not clinically confirmed co-infection.

Results
Among 254 hospitalized patients with confirmed COVID-19, 154 patients (60.6%) had detectable DNA
from at least one bacterial target. Monobacterial and polybacterial detection was found in 111 (43.7%)
and 43 (16.9%) patients, respectively. Staphylococcus aureus was the most common (22.8%) detected
organism, followed by Streptococcus pneumoniae (21.3%), Stenotrophomonas maltophilia (20.5%), and
Pseudomonas aeruginosa (11.4%). No significant associations were found between overall bacterial
detection and age group, gender, clinical severity, ICU admission, mortality, length of hospital stay, or
major laboratory parameters. In the unadjusted organism-specific analyses, P. aeruginosa detection was
significantly associated with age group (P = 0.006), COVID-19 severity (P = 0.032), fever (P = 0.028), and
ICU admission (P = 0.04). After multivariable adjustment, severe or critical COVID-19 remained
independently associated with P. aeruginosa compared with mild disease (adjusted odds ratio [AOR] = 
6.88; 95% confidence interval [CI], 1.02–46.46; P = 0.048). Hypertension was identified as a suggestive
marker for polybacterial detection (AOR = 3.08; 95% CI, 0.98–9.7; P = 0.054). Mild COVID-19 was
associated with lower odds of polybacterial presence compared with severe or critical COVID-19 (AOR = 
0.16; 95% CI, 0.03–0.95; P = 0.04).

Conclusions
Bacterial DNA of several respiratory organisms was frequently detected by PCR in upper-airway
specimens from hospitalized COVID-19 patients during the early pandemic. However, these results
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should be interpreted cautiously; the observational nature of the study precludes causal interpretation.
Because respiratory sampling occurred at variable times during hospitalization and PCR positivity cannot
distinguish colonization from infection, our findings suggest a prevalence of bacterial DNA detected
during the hospital stay rather than active infection. Prospective studies using lower-respiratory
specimens when clinically indicated, culture and susceptibility testing are needed.

Introduction
The acute respiratory syndrome known as coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), carried an unprecedented global burden of morbidity
and mortality the early phases of the pandemic [1–3]. Clinical manifestations of disease range from
asymptomatic infection to life-threatening pneumonia, acute respiratory distress syndrome, intensive
care unit (ICU) admission, mechanical ventilation, and death [4, 5]. In critically ill patients, prolonged
hospitalization, invasive procedures, immunosuppression, and exposure to broad-spectrum antibiotics
may increase the probability of bacterial colonization and secondary bacterial pneumonia [6–8].

Distinguishing COVID-19 pneumonia from bacterial pneumonia can be difficult because both conditions
share overlapping clinical, laboratory, and radiological features, including fever, cough, dyspnea,
hypoxemia, elevated inflammatory markers, and pulmonary abnormalities [9–11]. This diagnostic
uncertainty contributed to the use of empirical antibiotic therapy during the pandemic for a high
percentage of hospitalized patients with suspected or definite COVID-19 [12, 13].

It is widely known that bacterial infections are the most common and potentially life-threatening
complication of viral respiratory tract infection, including pneumonia cases caused by the influenza virus
[14, 15] and, more recently, SARS-CoV-2 [6, 16]. The pathogenesis of bacterial invasion following severe
viral infection remains to be elucidated. However, disruption of epithelial barrier function, dysregulation of
immune function, and inflammatory response may promote this process [17–19]. The rate of bacterial
co-pathogen detection in COVID-19 varies greatly, partly because studies have used non-equivalent
definitions and methods. Factors like the severity of the disease (all COVID-19 patients vs. critically ill
patients), the length of hospitalization, the patient's comorbidities, prior antibiotic exposure, the
diagnostic criteria used to define bacterial infection, the study design, and regional epidemiology
significantly contribute to this variability [7, 20, 21]. In addition, early and later phases of the COVID-19
pandemic differ markedly in terms of circulating variants, population vaccination coverage, and clinical
management strategies [22–24]. Several studies conducted during both the early and later phases of the
COVID-19 pandemic have reported identification of bacterial co-pathogens in all hospitalized and ICU-
admitted patients with a diagnosis of COVID-19 infection [7, 20, 25–28]. Furthermore, recent studies
confirm rates ranging from 2–7% overall to over 50% in critically ill cases, influenced by the severity of the
patient's condition and other variables [29–31]. Early pandemic reports showed wide variability in
prevalence, ranging from 2% to as high as 45%, due to inconsistent definitions of co-infection and
diagnostic criteria. However, more recent multicenter cohort studies with standardized definitions have
estimated the prevalence of bacterial co-infection in hospitalized patients with COVID-19 to be
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approximately 2% to 10% and the rate in ICU populations to be between 14% and 17% [32, 33]. A recent
systematic review in Iran found that the pooled prevalence of bacterial pathogens among the COVID-19
patients was 19.6%, predominantly involving Gram-negative bacteria, such as Klebsiella pneumoniae,
Acinetobacter baumannii, Escherichia coli, and Pseudomonas aeruginosa, in hospitalized patients. ICU
admission and mechanical ventilation were identified as the main risk factors for these secondary
infections [27]. Similarly, patients with severe or critical COVID-19 who require ICU admission were shown
to be at the highest risk of infection-related complications and death [8, 34]. Furthermore, culture-based
studies, lower-respiratory molecular testing, bloodstream infection studies, and upper-airway PCR
surveys demonstrate distinct clinical and epidemiological features.

Polymerase chain reaction (PCR)-based testing has high analytical sensitivity and can rapidly detect
bacterial nucleic acids. The present retrospective study was conducted during the first period of the
COVID-19 pandemic in Golestan Province, Iran. The primary aim was to describe the frequency and
nature of several respiratory bacterial pathogens detected by PCR in upper-airway specimens from
hospitalized COVID-19 patients. The secondary aim was to explore associations between bacterial
detection and demographic, clinical, laboratory, and outcome data.

Materials and methods
Study design and setting, participants, and clinical data

This retrospective observational study was conducted in Golestan Province, Iran. The study included
patients admitted to hospitals and medical centers between June and November 2020, during the early
phase of the COVID-19 pandemic. Patients with COVID-19 whose infection with SARS-CoV-2 was
confirmed by real-time reverse transcription (RT)-PCR were eligible for inclusion in the study. Nasal and
nasopharyngeal swab specimens were collected at the time of SARS-CoV-2 confirmation by the SARS-
CoV-2 Diagnostic Laboratory in Golestan Province. Confirmation occurred at variable times during the
hospitalization and the precise interval between admission and bacterial sampling was not consistently
documented. Demographic parameters, including age and gender, were recorded. Information on clinical
presentations, comorbidities, laboratory parameters, oxygen saturation, ICU admission, length of hospital
stay, COVID-19 severity, and mortality was extracted from medical records.

Classification of COVID-19 severity

Patients were classified according to the World Health Organization (WHO) criteria for COVID-19 clinical
severity [1] into three categories: mild disease, defined as symptomatic illness in the absence of viral
pneumonia or hypoxia; moderate disease, characterized by clinical signs of pneumonia, such as such as
fever, cough, dyspnea, fast breathing but no features of severe pneumonia and an oxygen saturation
(SpO₂) values ≥ 90%; and severe/critical disease, defined by clinical signs of pneumonia plus SpO₂ < 90%.

PCR detection of bacterial targets
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Eight respiratory pathogenic bacteria, including Streptococcus pneumoniae, Staphylococcus aureus, K.
pneumoniae, P. aeruginosa, A. baumannii, Stenotrophomonas maltophilia, Bordetella pertussis, and
Mycoplasma pneumoniae, by conventional PCR using specific primers (Table 1) [35–42]. Extraction of
bacterial nucleic acid was performed from clinical specimens using the SinaPure-DNA kit (SinaClon
BioScience, Tehran, Iran), according to the manufacturer's instructions. The extracted DNA was stored in
a freezer at ̶ 80 ºC. PCR reactions were performed in a total volume of 25 µL containing 12.5 µL of
Ready-to-Use PCR Master Mix 2x (SinaClon BioScience, Tehran, Iran), 0.4 µM of each primer, 1 µL (10 ng)
DNA, and 10.7 µL of sterile distilled water. Amplification of each gene was carried out in a thermal cycler
(Eppendorf, Master Cycler Gradient, Germany) under the following parameters: initial denaturation at
94°C for 3 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing at 56–64 ºC for 30 s
depending on the target, extension at 72°C for 30 s, and a final extension at 72°C for 7 min. PCR products
were electrophoresed on a 1.5–2% agarose gel containing DNA Safe Satin (SinaClon BioScience, Tehran,
Iran) at 100 V for 1 h and visualized by DNA Safe Stain under a UV transluminator. A positive PCR result
was considered only as evidence of bacterial DNA detection and was not taken to represent a clinically
confirmed bacterial infection.
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Table 1
The specific primers used for the detection of bacterial respiratory pathogens

Targeted bacteria Gene Primer (5'→3') Amplicon
size (bp)

Tm
(°C)

Reference

Streptococcus
pneumoniae

lytA F: ACGCAATCTAGCAGATGAAGCA

R: TCGTGCGTTTTAATTCCAGCT

80 60 35

Staphylococcus
aureus

nuc F: GCGATTGATGGTGATACGGTT

R: GCCAAGCCTTGACGAACTAAAGC

279 60 36

Klebsiella
pneumoniae

mrkD F: AAGCTATCGCTGTACTTCCGGCA

R: GGCGTTGGCGCTCAGATAGG

340 64 37

Pseudomonas
aeruginosa

gyrA F: CGGTCAATATCGAAGACGAGC

R: ACGGTTTCCTTTTCCAGGTC

621 60 38

Acinetobacter
baumannii

ITS F: CATTATCACGGTAATTAGTG

R: AGAGCACTGTGCACTTAAG

208 56 39

Stenotrophomonas
maltophilia

23S
rRNA

F:
GCTGGATTGGTTCTAGGAAAACGC

R: ACGCAGTCACTCCTTGCG

278 60 40

Bordetella
pertussis

IS481 F:
GATTCAATAGGTTGTATGCATGGTT

R:
TTCAGGCACACAAACTTGATGGGCG

181 60 41

Mycoplasma
pneumoniae

P1 F: CCAACCAAACAACAACGTTCA

R: ACCTTGACTGGAGGCCGTTA

76 60 42

Statistical analysis
Statistical analysis were performed using Statistical Package for the Social Sciences (SPSS) Software
version 26.0 for Windows (SPSS Inc., Chicago, IL, USA). Categorical variables are expressed as frequency
and percentage and were compared using Pearson’s chi-square or Fisher’s exact test. Continuous
variables are presented as median and interquartile range (IQR) and were compared using analysis of
variance (ANOVA) or the Kruskal–Wallis test, as appropriate. Multinomial logistic regression analysis
was used to compare monobacterial and polybacterial detection with the PCR-negative reference group.
Multivariable binary logistic regression analyses were performed to examine selected organism-specific
(single-species) outcomes. Adjusted odds ratios (AORs) with 95% confidence intervals (CIs) are reported.
A two-sided P value < 0.05 was considered statistically significant. All organism-specific analyses were
exploratory and hypothesis-generating.
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Results
Characteristics of patients

Table 2 shows demographic features and clinical and laboratory characteristics of patients hospitalized
for COVID-19. A total of 254 patients with laboratory-confirmed COVID-19 were included in this study. Of
these, 113 (44.5%) were male and 141 (55.5%) were female. The distribution of patients by age was as
follows: <15 years (n = 10, 3.9%), 15–44 years (n = 99, 39%), 45–64 years (n = 95, 37.4%), and ≥ 65 years
(n = 50, 19.7%). The median age was 48 years (IQR, 35.75–63 years).
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Table 2
Demographic features, clinical symptoms, and laboratory findings of COVID-19 patients with or without

bacterial co-detection
Characteristics All

patients

(n = 254)

Patients
without
bacterial
detection

(n = 100)

Patients with
monobacterial
detection

(n = 111)

Patients with
polybacterial
detection

(n = 43)

P
value

Demographic
features

         

Age (Years;
Median, IQR)

48
(35.75-
63)

48 (35–60) 51 (38–64) 50 (35.5–63.5) 0.53

Age group (Years)          

< 15 10 (3.9) 5 (5) 4 (3.6) 1 (2.3) 0.69

15 − 44 99 (39) 38 (38) 42 (37.9) 19 (44.2)

45 − 64 95 (37.4) 42 (42) 39 (35.1) 14 (32.6)

≥ 65 50 (19.7) 15 (15) 26 (23.4) 9 (20.9)

Gender

Male, n (%) 113
(44.5)

42 (42) 48 (43.2) 23 (53.5) 0.42

Female, n (%) 141
(55.5)

58 (58) 63 (56.8) 20 (46.5)

Comorbidities

Diabetes, n (%) 54 (21.3) 21 (21) 23 (20.7) 10 (23.3) 0.94

Hypertension, n (%) 52 (20.5) 24 (24) 23 (20.7) 5 (11.6) 0.24

Clinical presentations

Fever, n (%) 49 (19.3) 17 (17) 20 (18) 12 (27.9) 0.29

Cough, n (%) 54 (21.3) 18 (18) 25 (22.5) 11 (25.6) 0.54

Dyspnea, n (%) 88 (34.6) 35 (35) 40 (36) 13 (30.2) 0.79

Malaise and
fatigue, n (%)

71 (28) 28 (28) 28 (25.2) 15 (34.9) 0.49

Laboratory
parameters

         

Cr, Creatinine; CRP, C-reactive protein; IQR, Interquartile range; LDH, Lactic dehydrogenase; WBC,
White blood cell; SpO2, Oxygen saturation.
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Characteristics All
patients

(n = 254)

Patients
without
bacterial
detection

(n = 100)

Patients with
monobacterial
detection

(n = 111)

Patients with
polybacterial
detection

(n = 43)

P
value

WBC (103/µL;
Median, IQR)

6.4
(4.67–
8.2)

6.1 (4.65–
7.6)

6.5 (4.6–8.4) 7.1 (5-9.15) 0.28

Lymphocyte (%;
Median, IQR)

20 (13–
26)

20 (13–26) 18 (13–26) 18 (12.5–24) 0.41

LDH (U/L; Median,
IQR)

548
(460-
647.5)

542 (465–
637)

551.5 (460–650) 530 (468–676) 0.85

Cr (mg/dL; Median,
IQR)

1 (0.9–
1.2)

1 (0.9–1.2) 1 (0.9–1.2) 1.1 (0.9–1.3) 0.49

Urea (mg/dL;
Median, IQR)

22
(14.75-
32)

21.5 (15–31) 21 (14-31.5) 26 (16–36) 0.40

CRP, n (%)

Negative 57 (22.5) 28 (28) 21 (18.9) 8 (18.6) 0.42

Positive (+) 73 (28.7) 29 (29) 35 (31.6) 9 (20.9)

Positive (++) 72 (28.3) 27 (27) 30 (27) 15 (34.9)

Positive (+++) 52 (20.5) 16 (16) 25 (22.5) 11 (25.6)

SpO2 (%; Median,
IQR)

93 (90–
96)

93.5 (91–96) 93 (91–96) 93 (89–96) 0.69

Length of hospital
stay (Days; Median,
IQR)

5 (4–8) 6 (4–9) 5 (4–7) 5 (4-7.5) 0.58

ICU admission, n
(%)

18 (7.1) 5 (5) 9 (8.1) 4 (9.3) 0.56

Mortality, n (%) 25 (9.8) 10 (10) 11 (9.9) 4 (9.3) 0.99

COVID-19 severity, n (%)

Mild 103
(40.6)

46 (46) 43 (38.7) 14 (32.6) 0.49

Moderate 94 (37) 34 (34) 44 (39.6) 16 (37.2)

Cr, Creatinine; CRP, C-reactive protein; IQR, Interquartile range; LDH, Lactic dehydrogenase; WBC,
White blood cell; SpO2, Oxygen saturation.
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Characteristics All
patients

(n = 254)

Patients
without
bacterial
detection

(n = 100)

Patients with
monobacterial
detection

(n = 111)

Patients with
polybacterial
detection

(n = 43)

P
value

Severe/Critical 57 (22.4) 20 (20) 24 (21.6) 13 (30.2)

Cr, Creatinine; CRP, C-reactive protein; IQR, Interquartile range; LDH, Lactic dehydrogenase; WBC,
White blood cell; SpO2, Oxygen saturation.

Regarding COVID-19 severity, 103 (40.6%) were mild cases, 94 (37%) were moderate cases, and 57
(22.4%) were severe/critical cases. The relationship between the COVID-19 severity and demographic
characteristics of age and gender was described in Table 3. More women than men were observed in
mild (n = 60, 58.3% vs. n = 43, 41.7%) and moderate (n = 55, 58.5% vs. n = 39, 41.5%) categories, whereas
more patients in the severe/critical group were men (n = 31, 54.4%). Furthermore, the median age of
patients with severe/critical COVID-19 was significantly higher than that of patients with mild or
moderate disease (60 years vs. 43 and 47.5 years, respectively; P < 0.001).

Table 3
The relationship between the COVID-19 severity and demographic characteristics of age and gender in

the patients studied
Characteristics All patients

(n = 254)

Mild

(n = 103)

Moderate

(n = 94)

Severe/Critical

(n = 57)

P
value

Gender

Male, n (%) 113 (44.5) 43 (41.7) 39 (41.5) 31 (54.4) 0.23

Female, n (%) 141 (55.5) 60 (58.3) 55 (58.5) 26 (45.6)

Age (Years; Median,
IQR)

48 (35.75-
63)

43 (33–
56)

47.5 (36–
62)

60 (48–71) < 
0.001

Age group (Year)

< 15 10 (3.9) 6 (5.8) 3 (3.2) 1 (1.8) 0.001

15 − 44 99 (39) 48 (46.6) 39 (41.5) 12 (21)

45 − 64 95 (37.4) 36 (35) 37 (39.4) 22 (38.6)

≥ 65 50 (19.7) 13 (12.6) 15 (15.9) 22 (38.6)

The median length of hospital stay was 5 days (IQR, 4–8 days) in the overall cohort. ICU admission
occurred in 18 patients (7.1%), and 25 patients (9.8%) died.

The details of bacterial detection
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At least one bacterial target was detected in 154 of 254 COVID-19 patients (60.6%), a finding that may
reflect both true co‑pathogens and colonizing organisms. Of the overall cohort, 111 patients (43.7%;
72.1% of PCR-positive patients) had monobacterial detections, while 43 patients (16.9%; 27.9% of PCR-
positive patients) showed polybacterial detections. As shown in Fig. 1, S. aureus (n = 58, 22.8%), S.
pneumoniae (n = 54, 21.3%), and S. maltophilia (n = 52, 20.5%) were the most common co-pathogens,
followed by P. aeruginosa (n = 29, 11.4%), A. baumannii (n = 17, 6.7%), M. pneumoniae (n = 6, 2.4%), B.
pertussis (n = 4, 1.6%), and K. pneumoniae (n = 1, 0.4%).

Table 2 shows demographic characteristics, clinical symptoms, and laboratory findings of COVID-19
patients with or without bacterial detection. Seventy-one (46.1%) and 83 (53.9%) of male and female
COVID-19 patients were positive for bacteria in PCR assay, respectively (P > 0.05). Forty-eight (43.2%) of
males showed monobacterial detection compared to 63 (56.8%) of females. The opposite was true for
polybacterial presence (nmale = 23, 53.5% and nfemale = 20, 46.5%) (P > 0.05). The highest rate of co-
detection was observed in patients between 15 and 44 years (n = 61, 39.6%), while the lowest rate was
found in patients below 15 years of age (n = 5, 3.2%). However, the overall rate of bacterial detection did
not differ significantly among age groups. The rate of monobacterial detection was higher than
polybacterial detection in all age groups of COVID-19 patients except those aged 15 to 44 (n = 42, 37.9%
vs. n = 19, 44.2%). As shown in Fig. 2, all eight bacteria studied were detected in the 45 to 64 years age
group, followed by the ≥ 65 years, 15–44 years, and < 15 years age groups, with 7, 6, and 3 bacteria
detected, respectively. Three bacterial species, S. aureus, S. pneumoniae, and S. maltophilia, were
identified across all age groups.

Data from the organism-specific analyses showed that P. aeruginosa detection differed significantly by
age groups (P = 0.006), with a higher proportion of positivity among patients aged ≥ 65 years (n = 11,
37.9%) (Supplementary file 1, Table S4). Furthermore, patients with a positive PCR result for B. pertussis
were older than those with a negative PCR (median age 71.5 years, IQR 58–78 vs. median 48 years, IQR
35–62; P = 0.035) (Supplementary file 2, Table S7). Regarding gender, a higher percentage of male
patients were positive for M. pneumoniae compared to females, although this was not statistically
significant (P = 0.09) (Supplementary file 2, Table S6).

The highest rate of co-detection was found in the moderate category of COVID-19 patients (n = 60,
38.9%) and the lowest among the severe/critical cases (n = 37, 24%) (Table 2). As shown in Fig. 3, most
bacterial targets were detected in all severity groups. All studied bacteria, except B. pertussis and K.
pneumoniae, were present in all COVID-19 severity groups, with no statistically significant differences (P 
> 0.05). The highest rates of positivity for both polybacterial and monobacterial presences were found
among the moderate cases of COVID-19 patients (n = 44, 39.6% and n = 16, 37.2%, respectively) (Table 2).

When the distribution of each bacterial co-detection was analyzed separately by the clinical type of
COVID-19 patients (Supplementary file 2, Table S1-S8), a significant association was found between the
rate of P. aeruginosa positivity and disease severity (P = 0.032). Of the 29 patients with P. aeruginosa
detection, 6 (20.7%) had mild disease, 12 (41.4%) had moderate disease, and 11 (37.9%) were
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severe/critical cases. In contrast, among P. aeruginosa-negative patients, 97 (43.2%) had mild disease, 2
(36.4%) had moderate disease, and 46 (20.4%) had severe/critical disease (Supplementary file 2, Table
S4).

Generally, there was no significant difference between patients with or without bacterial detection in
clinical presentations, presence of underlying comorbidities, COVID-19 severity, and mortality. Moreover,
no significant difference was found in the proportion of hospital stay, SpO2, and ICU admission. Similarly,
laboratory findings were not significantly different between the two groups. In unadjusted analyses,
several individual associations were exploratory observed; these are reported below and should be
interpreted with caution (Supplementary file 2, Table S1-S8). Compared with patients with only COVID-19,
a significantly higher percentage of patients with P. aeruginosa developed fever (34.5% vs. 17.3%, P = 
0.028) and were admitted to the ICU (17.2% vs. 5.8%, P = 0.04) (Supplementary file 2, Table S4). Patients
with a positive B. pertussis result had lower oxygen saturation than those without detection of this
organism (median SpO2 87%, IQR 65.5–91% vs. median SpO2 93%, IQR 91–96; P = 0.033) (Supplementary
file 2, Table S7). A higher frequency of fever and higher creatinine values were observed among patients
with S. aureus detection than negative group, although these findings were not statistically significant (P 
= 0.07 for both comparisons) (Supplementary file 2, Table S2). Similarly, patients who were positive for S.
pneumoniae showed numerically higher rates of diabetes, lower SpO2, and higher lactate dehydrogenase

levels, but these associations did not reach statistical significance (Supplementary file 2, Table S1).

Multinomial showed that mild COVID-19 was significantly associated with a lower risk of polybacterial
detection compared with severe/critical disease (AOR = 0.16; 95% CI = 0.03–0.95; P = 0.04). Hypertension
was associated with an increased likelihood of polybacterial detection, although this association was
borderline or suggestive rather than statistically significant (AOR = 3.08; 95% CI = 0.98–9.7; P = 0.054)
(Table 4). When the impact of these factors on the likelihood of species-specific co-detections was
analyzed with the multivariable approach (Supplementary file 3, Table S1-S5), severe or critical COVID-19
remained significantly associated with the presence of P. aeruginosa compared with mild cases (AOR = 
6.88; 95% CI = 1.02–46.46; P = 0.048), consistent with the unadjusted analysis. However, ICU admission
was no longer associated with P. aeruginosa detection (AOR = 2.46; 95% CI = 0.67–9.00; P = 0.17), so it is
reported as an unadjusted association only and is not interpreted as an independent risk factor
(Supplementary file 3, Table S4). Moreover, malaise and fatigue (AOR = 1.88; 95% CI = 0.95–3.74; P = 
0.07) and severe/critical COVID-19 (AOR = 3.99; 95% CI = 0.92–17.23; P = 0.06) were found to be
suggestive risk factors for S. pneumoniae and S. aureus co-detections, respectively (Supplementary file 3,
Tables S1 and S2).
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Table 4
Multinomial logistic regression analysis for bacterial co- detection in COVID-19 patients

Risk factors* Monobacterial detection Polybacterial detection

AOR (95% CI) P value AOR (95% CI) P value

Age 1.01 (0.99–
1.03)

0.24 1.01 (0.98–
1.03)

0.62

Length of hospital stay 0.97 (0.9–1.04) 0.38 0.96 (0.86–
1.06)

0.4

Diabetes 1.14 (0.51–
2.55)

0.74 1.21 (0.42–
3.51)

0.72

Hypertension 1.39 (0.68–
2.84)

0.37 3.08 (0.98–9.7) 0.054

Fever 1.13 (0.45–
2.81)

0.79 0.83 (0.26–
2.62)

0.75

Cough 0.98 (0.36–
2.64)

0.97 1.23 (0.33–
4.51)

0.76

Dyspnea 1.27 (0.47–3.4) 0.64 2.47 (0.68–
8.94)

0.17

Malaise and fatigue 1.21 (0.63–
2.29)

0.57 0.66 (0.29–
1.52)

0.33

ICU admission 0.61 (0.18–
2.05)

0.42 0.62 (0.13–
2.85)

0.54

Severe/Critical COVID-19 cases
(Referent)

 

Mild 0.59 (0.14–
2.37)

0.45 0.16 (0.03–
0.95)

0.04

Moderate 0.97 (0.41–
2.29)

0.94 0.44 (0.15–
1.33)

0.15

*Risk factor analysis for bacterial co-pathogens was compared with the reference group with no
detection.

AOR, Adjusted odds ratios.

Discussion
This retrospective study describes the frequency of eight respiratory bacterial targets in nasal and
nasopharyngeal specimens from hospitalized COVID-19 patients during the early pandemic period, along
with key patient characteristics. The presence of bacterial pathogens among COVID-19 patients was
reported to be variable in different studies. Co-detection rate in our study was as high as 60.6%, which is
comparable to the values of 62.9%, 51%, and 74% reported in three separate retrospective studies by
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Louka et al. [43], Zong et al. [29], and Zuh et al. [44], respectively, lower than that reported by Zuh et al.
(91.8%) [25], and higher than that found in other studies [45–47]. Furthermore, a meta-analysis study
estimated the overall pooled prevalence of bacterial co-infection to be 20.97% [95% CI: 15.95–26.46],
meaning that overall, 16–26 out of every 100 patients with COVID-19 will have the presence of bacteria
detected simultaneously [48].

Several points are crucial to be considered to ensure accurate interpretation of the results. First, the
discrepancy in results can be attributed to several factors. Patient characteristics (type, clinical stage,
and the severity of COVID-19 infection), diagnostic criteria for bacterial infection, the number and type of
clinical specimens, timing of sample collection, and the diagnostic method used (e.g., culture, PCR),
geographical location, and healthcare practices related to antimicrobial use, surveillance, and infection
control seem to have a significant impact on findings regarding the prevalence of bacterial co-pathogen
in patients with coronavirus infection, so comparisons with published estimates require attention to
these factors [49, 50]. Overall, reported figures derive from at least five non-equivalent designs: (i) upper-
airway PCR or colonization surveys; (ii) lower-respiratory PCR studies; (iii) culture-confirmed community-
acquired co-infection at presentation; (iv) hospital-acquired secondary infection; and (v) bloodstream
infection. The current study evaluated the presence of bacterial DNA in upper-airway swabs collected at
variable and undocumented times during hospitalization. A possible reason for the observed higher
detection rate may be due to this sampling strategy, which likely includes a mixture of community-onset
and hospital-onset cases [30, 51–53]. Exposure to antibiotics as well as the timing of sampling are of
particular importance in that previous antibiotics can suppress bacterial detection, while late sampling
may reflect colonization over acute co-infection [54]. Second, since the bacteria studied are common
pathogens in patients with nosocomial pneumonia, it was difficult to distinguish colonization from active
infection [55]. In particular, because nasal and nasopharyngeal carriage of S. aureus and S. pneumoniae is
common in the absence of disease, detection rates based on molecular methods may substantially
exceed culture-confirmed co-infection estimates and should not be interpreted as evidence of a higher
burden of active infection in this cohort. Moreover, colonization may be more frequent in patients with
greater disease severity or longer hospital stays, potentially resulting in differential misclassification and
contributing to the observed associations between bacterial detection and disease severity [56].
Nonetheless, these bacteria may act as opportunistic pathogens and exacerbate disease severity,
leading to increased morbidity and mortality, particularly in immunocompromised patients during viral
pandemics [57, 58]. Finally, while risk factors for bacterial co-infection are clinically relevant in principle,
the observational design of our study permits only associative observations rather than findings that can
directly guide identification or management. Our risk analysis revealed that severe or critical COVID-19
and certain comorbidities, notably hypertension, were statistically associated with mixed bacterial
detections, whereas mild disease, in contrast to severe disease, was associated with a lower likelihood of
such detections. Although these associations require further validation and do not establish causation,
our results are supported by previous studies reporting that bacterial co-pathogens predominantly affect
critically ill patients, particularly those admitted to ICUs [30, 32, 59, 60].
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Diagnostic tools like PCR, which are used for rapid identification of bacteria, are significant in the
management of critically ill patients [61]. This is because broad-spectrum antibiotics are often
administered before microbiological data are collected, making methods that provide a fast detection of
infections essential to avoid false-negative results [62]. On the other hand, the high sensitivity of PCR-
based tests compared with traditional culture techniques complicates the clinical interpretation of
results and remains a significant obstacle to the widespread adoption of PCR assays for detecting
causative microorganisms from clinical specimens [63]. Because PCR can detect nucleic acid material
from non-viable and degraded pathogens, a positive PCR result does not necessarily reflect a true
infection [63, 64]. Likewise, in SARS-CoV-2-infected patients whose bacterial culture from respiratory
specimens is negative but PCR detection is positive, a clear differentiation between real infection and
colonization cannot be made without further investigation into the clinical validity of the quantitative PCR
test [43].

The reported bacterial species responsible for co-infections in COVID-19 patients show significant
variability across studies. Since all samples in our study were collected between June and November
2020, the observed rate of bacterial positivity reflects early-pandemic COVID-19 epidemiology, a period
that differed markedly from subsequent waves in terms of the circulating viral lineages, population
vaccination coverage, and clinical therapeutic strategies [22, 28]. Accordingly, our analysis is framed at
the level of this pandemic phase and does not distinguish community-acquired from hospital-acquired
detection, nor does it claim bacterial co-detection present at COVID-19 presentation. The four most
common identified bacteria in our study were S. aureus (22.8%), S. pneumoniae (21.3%), S. maltophilia
(20.5%), and P. aeruginosa (11.4%). This is consistent with several studies evaluating bacterial co-
pathogens in COVID-19, which found S. aureus and S. pneumoniae among the most common early-
pandemic co-pathogens, as well as significant roles played by Gram-negative bacteria, like S. maltophilia,
P. aeruginosa, and A. baumannii, particularly in hospital-acquired and ventilator-associated infections [55,
65, 66]. The data from Musuuza et al.'s systematic review and meta-analysis highlight that K. pneumoniae
(9.9%), S. pneumoniae (8.2%), and S. aureus (7.7%) were the most commonly identified bacteria
associated with co-infections at the time of SARS-CoV-2 diagnosis. The study also found that
Acinetobacter spp. (22%), Pseudomonas spp. (10.8%), and Escherichia coli (6.9%) were the leading causes
of superinfections during care for SARS-CoV-2 infection [67]. According to recent studies, these patterns
of co-pathogens have shifted in subsequent pandemic waves due to evolving SARS-CoV-2 variants,
changes in hospital infection controls, and advanced antimicrobial stewardship practices [22, 68–70].
Early pandemic phases had lower prevalence rates with a predominance of S. aureus and S. pneumoniae,
followed by a higher rate of early pulmonary infections during later phases and waves, often dominated
by Gram-negative bacilli during peaks, then varying post-vaccination due to variants, immunity, and
management changes [22–24, 33, 71, 72].

As expected, we found that S. aureus was present in a sizeable number of cases. Co-/secondary
infections caused by S. aureus are known to be a complication of other viral pandemics, such as the
Spanish flu and the H1N1 influenza pandemic [73, 74]. In studies of culture-confirmed infection, S. aureus
has been reported to act synergistically with respiratory viruses and to be associated with increased
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mortality and severity [75]; our PCR-based data cannot establish that such synergism occurred in the
present cohort. As we found in the present study, patients with severe or critical COVID-19 showed
almost four times the odds of S. aureus co-detection compared to those with mild illness (P = 0.06). This
borderline association, observed in a small subgroup, suggests a potential link between COVID-19
severity and the presence of S. aureus, warranting further investigation. Westblade et al. reported S.
pneumoniae among the bacterial pathogen most frequently identified on admission in patients with
COVID-19, suggesting the potential benefit of empirical antibacterial coverage against this organism in
hospitalized patients with clinical indications for such treatment [76]. However, caution is warranted
because our design does not allow any inference about empirical therapy: PCR detection in an upper-
airway specimen, in the absence of culture and susceptibility data, cannot confirm or refute a treatment
decision. We also found that patients who were positive for S. pneumoniae were more likely to have
diabetes (P = 0.09) and exhibited lower SpO2 and higher LDH levels (P = 0.09 and P = 0.056, respectively).
The level of serum LDH in COVID-19 patients can be used as a warning indicator for the severity of the
disease [77]. In addition, malaise and fatigue were also identified as suggestive risk factors for S.
pneumoniae co-detection, although more research is needed to confirm this relationship [78, 79].

Gram-negative organisms, such as K. pneumoniae, A. baumannii, P. aeruginosa, and S. maltophilia have
been reported in hospitalized patients with COVID-19, especially in ICU-acquired infections [45, 55, 67,
80–84]. A study showed that the prevalence of NF-GNB infections rose from 42% in the pre-COVID-19
period (2018–2019) to 58% during the pandemic (2020–2021) [85]. This increase is associated with
factors, such as prolonged hospitalization in the ICU, use of high-risk invasive devices, including
mechanical ventilation, vascular catheters, and urinary catheters in COVID-19 patients, which elevate the
risk of acquiring HAIs [80, 81, 86]. In the present study, P. aeruginosa was detected in 11.4% of COVID-19
patients, consistent with the findings reported by Mahmoudi et al. [87]. In agreement with Yang et al. [55],
an important finding was the association between severe/critical COVID-19 and P. aeruginosa detection
after adjustment for potential confounders. The odds of P. aeruginosa detection were approximately
sevenfold higher in severe/critical cases than in mild cases (P = 0.048, OR = 6.88 vs. mild). Severe illness
may increase the risk of colonization due to hospitalization, invasive procedures, antibiotic exposure,
frequent contact with healthcare facilities, and impaired host defenses [59, 88]. Conversely, bacterial
detection may also be associated with greater severity of illness. As this study was retrospective and the
time of sampling was not recorded, its directionality cannot be determined. In addition, the unadjusted
associations of P. aeruginosa detection with older age, fever, and ICU admission are clinically plausible.
Older adults and critically ill patients may have more comorbidities, prolonged exposure to hospital
environments, higher use of invasive devices, and increased susceptibility to opportunistic organisms
[59, 89–91]. However, ICU admission was no longer statistically significant after multivariable adjustment
and was therefore not considered an independent risk factor.

Regarding the B. pertussis, we found PCR-positive patients older than negative individuals for this
organism (P = 0.035). Duan et al. reported a significant difference between COVID-19 without bacterial
infection and with bacterial secondary infection (P = 0.002) [47], suggesting elderly patients with COVID-
19 are more susceptible to bacterial co-pathogen. In addition, detection of this bacterium among COVID-

Page 17/30



19 patients was significantly associated with decreased SpO2 levels (P = 0.033), consistent with the
findings of a previous study [92].

This study has several strengths, including a relatively large early-pandemic cohort, systematic testing for
multiple bacterial targets, and the inclusion of demographic, clinical, laboratory, and outcome data.
Furthermore, it provides early-pandemic data from northern Iran, a region where molecular
epidemiological data remain limited. However, there are several limitations. First, the retrospective nature
of study limited the completeness of clinical, laboratory, and radiological findings, which in many cases
precluded acceptable statistical analysis. Second, the interval between admission and respiratory
sampling was not consistently recorded, and specimens were obtained at variable points during
hospitalization; therefore, community-onset and hospital-onset detections could not be distinguished.
Third, PCR positivity cannot differentiate viable organisms from nonviable DNA or distinguish
colonization from infection. Fourth, no bacterial culture, antimicrobial susceptibility testing or detailed
antibiotic-exposure data were available. Finally, subgroup sizes for several organisms were small, and
organism-specific analyses should be considered exploratory.

In conclusion, this retrospective study detected at least one of eight respiratory bacterial pathogens in
upper-airway specimens from a large proportion of hospitalized patients with COVID-19 during the early
pandemic period. Because PCR positivity may represent colonization rather than infection, our findings
remain associative. In other settings, these organisms have been reported to opportunistically worsen
severity and mortality, but our data cannot confirm such effects here. Severe COVID-19 remained
independently associated with the presence of P. aeruginosa. In contrast, older age, and fever/ICU
admission were associated with P. aeruginosa detection in the unadjusted analysis; we interpret these as
associations in elderly or critically ill patients rather than evidence of a causal mechanism. Some trends,
including B. pertussis in older patients and S. aureus with fever/creatinine level aligned with COVID-19
severity markers, but require prospective validation to rule out collinearity with COVID-19 progression. In
addition, hypertension linked to polybacterial detection likely reflects comorbidities rather than direct
causation. Future prospective studies using standardized sampling at admission and during
hospitalization, alongside culture and susceptibility testing and detailed information on antibiotic
exposure and invasive procedures are warranted to clarify these dynamics.

Abbreviations
AOR
Adjusted odds ratios
CI
Confidence interval
COVID-19
Coronavirus disease-2019
ICUs
intensive care units

Page 18/30



IQR
Interquartile range
LDH
Lactate dehydrogenase
PCR
Polymerase chain reaction
RT-PCR
Real-time reverse transcription–polymerase chain reaction
SARS-CoV-2
Severe acute respiratory syndrome coronavirus 2
SPSS
Statistical package for the social sciences
WHO
World Health Organization

Declarations

Funding
This work was funded by the research deputy of Golestan University of Medical Sciences, Gorgan, Iran,
with grant number 111947.

Data availability

All data supporting the findings of this study are available within the paper and its Supplementary
Information.

Ethics approval and consent to participate

This study protocol was reviewed and approved by the Ethics Committee of Golestan University of
Medical Sciences (approval no. IR.GOUMS.REC.1399.422). The study was conducted in line with the
principles of the Declaration of Helsinki. The need for written informed consent was waived by the Ethics
Commission for emerging infectious diseases.

Consent for publication

Not applicable.

Competing interests

The authors declare no competing interests.

Page 19/30



Author Contribution
AA, AV, and HRN conceptualized and designed the study. AV, HJ, AI, and MH performed the experiments.
AT, AM, AH, and SAA contributed to the preparation of materials and the setting up of laboratory
experiments. AA, AV, and HJ interpreted the results and collected and analyzed the data. AA drafted and
critically revised the manuscript. HJ, MR, and MY contributed to the drafting of the manuscript. All
authors read and approved the final version.

Acknowledgement
Not applicable.

Data Availability
All data supporting the findings of this study are available within the paper and its Supplementary
Information.

References
1. Clinical management of COVID-19: living guideline, 18 August 2023. Geneva: World Health

Organization. 2023 (WHO/2019-nCoV/clinical/2023.2).
https://www.who.int/publications/i/item/WHO-2019-nCoV-clinical-2023.2

2. Kinross P, Suetens C, Dias JG, Alexakis L, Wijermans A, Colzani E, et al. Rapidly increasing cumulative
incidence of coronavirus disease (COVID-19) in the European Union/European economic area and
the United Kingdom, 1 January to 15 March 2020. Euro Surveill. 2020;25(11):2000285.
https://doi.org/10.2807/1560-7917.ES.2020.25.11.2000285.

3. Phelan AL, Katz R, Gostin LO. The novel coronavirus originating in Wuhan, China: challenges for
global health governance. JAMA. 2020;323(8):709–10. https://doi.org/10.1001/jama.2020.1097.

4. Wu Z, McGoogan JM. Characteristics of and important lessons from the coronavirus disease 2019
(COVID-19) outbreak in China: summary of a report of 72 314 cases from the Chinese Center for
Disease Control and Prevention. JAMA. 2020;323(13):1239–42.
https://doi.org/10.1001/jama.2020.2648.

5. Dong E, Du H, Gardner L. An interactive web-based dashboard to track COVID-19 in real time. Lancet
Infect Dis. 2020;20(5):533–4.

6. Conway Morris A, Kohler K, De Corte T, Ercole A, De Grooth HJ, Elbers PWG, et al. Co-infection and
ICU-acquired infection in COIVD-19 ICU patients: a secondary analysis of the UNITE-COVID data set.
Crit Care. 2022;26(1):236. https://doi.org/10.1186/s13054-022-04108-8.

7. Contou D, Claudinon A, Pajot O, Micaëlo M, Longuet Flandre P, Dubert M, et al. Bacterial and viral co-
infections in patients with severe SARS-CoV-2 pneumonia admitted to a French ICU. Ann Intensive

Page 20/30



Care. 2020;10(1):119. https://doi.org/10.1186/s13613-020-00736-x.

8. Weiss P, Murdoch DR. Clinical course and mortality risk of severe COVID-19. Lancet.
2020;395(10229):1014–15. https://doi.org/10.1016/S0140-6736(20)30633-4.

9. Agarwal A, Hunt B, Stegemann M, Rochwerg B, Lamontagne F, Siemieniuk RA, et al. A living WHO
guideline on drugs for covid-19. BMJ. 2020;370:m3379. https://doi.org/10.1136/bmj.o1045.

10. Liu BM, Martins TB, Peterson LK, Hill HR. Clinical significance of measuring serum cytokine levels as
inflammatory biomarkers in adult and pediatric COVID-19 cases: A review. Cytokine.
2021;142:155478. https://doi.org/10.1016/j.cyto.2021.155478.

11. Galli F, Bindo F, Motos A, Fernández-Barat L, Barbeta E, Gabarrús A, et al. Procalcitonin and C-reactive
protein to rule out early bacterial coinfection in COVID-19 critically ill patients. Intensive Care Med.
2023;49(8):934–45. https://doi.org/10.1007/s00134-023-07161-1.

12. Leis JA, Born KB, Theriault G, Ostrow O, Grill A, Johnston KB. Using antibiotics wisely for respiratory
tract infection in the era of covid-19. BMJ. 2020;371:m4125. https://doi.org/.

13. Ginsburg AS, Klugman KP. COVID-19 pneumonia and the appropriate use of antibiotics. Lancet Glob
Health. 2020;8(12):e1453–4. https://doi.org/10.1136/bmj.m4125.

14. Joseph C, Togawa Y, Shindo N. Bacterial and viral infections associated with influenza. Influenza
Other Respir Viruses. 2013;7(2):105–13. https://doi.org/10.1111/irv.12089.

15. Klein EY, Monteforte B, Gupta A, Jiang W, May L, Hsieh YH, et al. The frequency of influenza and
bacterial coinfection: a systematic review and meta-analysis. Influenza Other Respir Viruses.
2016;10(5):394–403. https://doi.org/10.1111/irv.12398.

16. Patton MJ, Orihuela CJ, Harrod KS, Bhuiyan MAN, Dominic P, Kevil CG, et al. COVID-19 bacteremic
co-infection is a major risk factor for mortality, ICU admission, and mechanical ventilation. Crit Care.
2023;27(1):34. https://doi.org/10.1186/s13054-023-04312-0.

17. Rowe HM, Meliopoulos VA, Iverson A, Bomme P, Schultz-Cherry S, Rosch JW. Direct interactions with
influenza promote bacterial adherence during respiratory infections. Nat Microbiol. 2019;4(8):1328–
36. https://doi.org/10.1038/s41564-019-0447-0.

18. Major J, Crotta S, Finsterbusch K, Chakravarty P, Shah K, Frederico B, et al. Endothelial AHR activity
prevents lung barrier disruption in viral infection. Nature. 2023;621(7980):813–20.
https://doi.org/10.1038/s41586-023-06287-y.

19. Bonaventura A, Vecchié A, Dagna L, Martinod K, Dixon DL, Van Tassell BW, et al. Endothelial
dysfunction and immunothrombosis as key pathogenic mechanisms in COVID-19. Nat Rev Immunol.
2021;21(5):319–29. https://doi.org/10.1038/s41577-021-00536-9.

20. Gerver SM, Guy R, Wilson K, Thelwall S, Nsonwu O, Rooney G, et al. National surveillance of bacterial
and fungal coinfection and secondary infection in COVID-19 patients in England: lessons from the
first wave. Clin Microbiol Infect. 2021;27(11):1658–65. https://doi.org/10.1016/j.cmi.2021.05.040.

21. Garcia-Vidal C, Sanjuan G, Moreno-García E, Puerta-Alcalde P, Garcia-Pouton N, Chumbita M, et al.
Incidence of co-infections and superinfections in hospitalized patients with COVID-19: a

Page 21/30



retrospective cohort study. Clin Microbiol Infect. 2021;27(1):83–8.
https://doi.org/10.1016/j.cmi.2020.07.041.

22. Said KB, Alsolami A, Alshammari KF, Moussa S, Alshammeri F, Alghozwi MH, et al. The rapidly
changing patterns in bacterial co-infections reveal peaks in limited Gram negatives during COVID-19
and their sharp drop post-vaccination, implying potential evolution of co-protection during vaccine-
virus-bacterial interplay. Viruses. 2024;16(2):227. https://doi.org/10.3390/v16020227.

23. Wu HY, Chang PH, Chen KY, Lin IF, Hsih WH, Tsai WL, et al. Coronavirus disease 2019 (COVID-19)
associated bacterial coinfection: Incidence, diagnosis and treatment. J Microbiol Immunol Infect.
2022;55(6 Pt 1):985–92. https://doi.org/10.1016/j.jmii.2022.09.006.

24. Sadeghi F, Halaji M, Shirafkan H, Pournajaf A, Ghorbani H, Babazadeh S, et al. Characteristics,
outcome, duration of hospitalization, and cycle threshold of patients with COVID-19 referred to four
hospitals in Babol City: a multicenter retrospective observational study on the fourth, fifth, and sixth
waves. BMC Infect Dis. 2024;24(1):55. https://doi.org/10.1186/s12879-023-08939-w.

25. Zhu X, Ge Y, Wu T, Zhao K, Chen Y, Wu B, et al. Co-infection with respiratory pathogens among COVID-
2019 cases. Virus Res. 2020;285:198005. https://doi.org/10.1016/j.virusres.2020.198005.

26. Elabbadi A, Turpin M, Gerotziafas GT, Teulier M, Voiriot G, Fartoukh M. Bacterial coinfection in
critically ill COVID-19 patients with severe pneumonia. Infection. 2021;49(3):559–62.
https://doi.org/10.1007/s15010-020-01553-x.

27. Najafi-Olya Z, Heydarifard Z, Looha MA, Ahmadi AS, Yarhamadi N, Safaei M. Antibiotic resistance
and bacterial co-infections in COVID-19 patients in Iran: a systematic review and meta-analysis of
hospitalized and non-hospitalized cases. BMC Infect Dis. 2025;25:1197.
https://doi.org/10.1186/s12879-025-11643-6.

28. Satjawattanavimol S, Teerapuncharoen K, Kaewlai R, Disayabutr S. Prevalence of early bacterial co-
infection in hospitalized patients with COVID-19 pneumonia: a retrospective study. J Thorac Dis.
2023;15(7):3568–79. https://doi.org/10.21037/jtd-22-1681.

29. Zong K, Li W, Fu Y, Zhang S, Liu Y, Li S. Bacterial co-infection raises in-hospital mortality of COVID-19
patients: a retrospective study. Front Microbiol. 2023;14:1206476. 10.3389/fmicb.2023.1206476.

30. Langford BJ, So M, Raybardhan S, Leung V, Westwood D, MacFadden DR, et al. Bacterial co-infection
and secondary infection in patients with COVID-19: a living rapid review and meta-analysis. Clin
Microbiol Infect. 2020;26(12):1622–9. https://doi.org/10.1016/j.cmi.2020.07.016.

31. Debaco ISS, Kluck HM, Marx R, Rosa P, Teixeira C. Bacterial coinfections in COVID-19-hospitalized
patients. Rev Assoc Med Bras (1992). 2024;70(2):e20230469. https://doi.org/10.1590/1806-
9282.2023469

32. Ahmed R. COVID-19 and co-infections: A review of clinical implications and management
challenges. Premier J Sci. 2025;11:100091. https://doi.org/.

33. Patton MJ, Gaggar A, Might M, Erdmann N, Orihuela CJ, Harrod KS. Community-acquired bacterial
coinfections and COVID-19. Physiol Rev. 2024;104(1):1–21.
https://doi.org/10.1152/physrev.00010.2023.

Page 22/30



34. Schmidt M, Hajage D, Demoule A, Pham T, Combes A, Dres M. Clinical characteristics and day-90
outcomes of 4244 critically ill adults with COVID-19: a prospective cohort study. Intensive Care Med.
2021;47(1):60–73. https://doi.org/10.1007/s00134-020-06294-x.

35. Carvalho Mda G, Tondella ML, McCaustland K, Weidlich L, McGee L, Mayer LW, et al. Evaluation and
improvement of real-time PCR assays targeting lytA, ply, and psaA genes for detection of
pneumococcal DNA. J Clin Microbiol. 2007;45(8):2460–6. https://doi.org/10.1128/JCM.02498-06.

36. Maleki DT, Ghalavand Z, Laabei M, Nikmanesh B, Houri H, Kodori M, et al. Molecular analysis of
accessory gene regulator functionality and virulence genes in Staphylococcus aureus derived from
pediatric wound infections. Infect Genet Evol. 2019;73:255–60.
https://doi.org/10.1016/j.meegid.2019.05.013.

37. Compain F, Babosan A, Brisse S, Genel N, Audo J, Ailloud F, et al. Multiplex PCR for detection of
seven virulence factors and K1/K2 capsular serotypes of Klebsiella pneumoniae. J Clin Microbiol.
2014;52(12):4377–80. https://doi.org/10.1128/JCM.02316-14.

38. Shahri FN, Izanloo A, Goharrizi M, Jamali A, Bagheri H, Hjimohammadi A, et al. Antimicrobial
resistance, virulence factors, and genotypes of Pseudomonas aeruginosa clinical isolates from
Gorgan, northern Iran. Int Microbiol. 2022;25(4):709–21. https://doi.org/10.1007/s10123-022-00256-
7.

39. Yazdansetad S, Najari E, Ghaemi EA, Javid N, Hashemi A, Ardebili A. Carbapenem-resistant
Acinetobacter baumannii isolates carrying bla(OXA) genes with upstream ISAba1: First report of a
novel OXA subclass from Iran. J Glob Antimicrob Resist. 2019;18:95–9.
https://doi.org/10.1016/j.jgar.2018.12.011.

40. Ebrahim-Saraie HS, Heidari H, Soltani B, Mardaneh J, Motamedifar M. Prevalence of antibiotic
resistance and integrons, sul and Smqnr genes in clinical isolates of Stenotrophomonas maltophilia
from a tertiary care hospital in Southwest Iran. Iran J Basic Med Sci. 2019;22(8):872–7.
https://doi.org/10.22038/ijbms.2019.31291.7540.

41. Templeton KE, Scheltinga SA, van der Zee A, Diederen BM, van Kruijssen A, Goossens H et al.
Evaluation of real-time PCR for detection of and discrimination between Bordetella pertussis,
Bordetella parapertussis, and Bordetella holmesii for clinical diagnosis. J Clin Microbiol.
2003;41(9):4121-6. https://doi.org/10.1128/JCM.41.9.4121-4126.2003

42. Welti M, Jaton K, Altwegg M, Sahli R, Wenger A, Bille J. Development of a multiplex real-time
quantitative PCR assay to detect Chlamydia pneumoniae, Legionella pneumophila and Mycoplasma
pneumoniae in respiratory tract secretions. Diag Microbiol Infect Dis. 2003;45(2):85–95.
https://doi.org/10.1016/s0732-8893(02)00484-4

43. Louka C, Velentza L, Rekleiti N, Apanomeritaki A, Mamali V, Stamati A et al. 301. Use of a multiplex
PCR assay for detection of respiratory co-infections in COVID-19 hospitalized non-ICU patients: an
ace up a clinician’s sleeve. Open Forum Infect Dis. 2022; 9 (Suppl 2).
https://academic.oup.com/ofid/article/9/Supplement_2/ofac492.379/6902646

Page 23/30



44. Zhu X, Tian F, Li Y, Lu Q, Long Q, Long X, et al. High prevalence of respiratory co-infections and risk
factors in COVID-19 patients at hospital admission during an epidemic peak in China. Infect Drug
Resist. 2023;6781–93. https://doi.org/10.2147/IDR.S435143.

45. Abd El-Halim M, Hafez R, Albahet H, Sherif I. Respiratory co-infections in COVID-19-positive patients.
Eur J Med Res. 2023;28(1):317. https://doi.org/10.1186/s40001-023-01305-1.

46. Greco R, Panetta V, Della Rocca MT, Durante A, Di Caprio G, Maggi P. Profile of co-infection
prevalence and antibiotics use among COVID-19 patients. Pathogens. 2022;11(11):1250.
https://doi.org/10.3390/pathogens11111250.

47. Duan Y, Wang J, Wang S, Zhang R, Hu J, Li W, et al. Risk factors, outcomes, and epidemiological and
etiological study of hospitalized COVID-19 patients with bacterial co-infection and secondary
infections. Eur J Clin Microbiol Infect Dis. 2024;43(3):577–86. https://doi.org/10.1007/s10096-024-
04755-5.

48. Soltani S, Faramarzi S, Zandi M, Shahbahrami R, Jafarpour A, Rezayat SA, et al. Bacterial coinfection
among coronavirus disease 2019 patient groups: an updated systematic review and meta-analysis.
New Microbes New infect. 2021;43:100910. https://doi.org/10.1016/j.nmni.2021.100910.

49. Lansbury L, Lim B, Baskaran V, Lim WS. Co-infections in people with COVID-19: a systematic review
and meta-analysis. J Infect. 2020;81(2):266–75. https://doi.org/10.1016/j.jinf.2020.05.046.

50. Attal R, Deotale V. Bacterial co-infections and secondary infections and their antimicrobial resistance
in Covid-19 patients during the second pandemic wave. GMS Hyg Infect Control. 2024;19:Doc10.
https://doi.org/10.3205/dgkh000465.

51. Jorda A, Gabler C, Blaschke A, Wölfl-Duchek M, Gelbenegger G, Nussbaumer-Pröll A, et al.
Community-acquired and hospital-acquired bacterial co-infections in patients hospitalized with
Covid-19 or influenza: a retrospective cohort study. Infection. 2024;52(1):105–15.
https://doi.org/10.1007/s15010-023-02063-2.

52. Sharma B, Sreenivasan P, Biswal M, Mahajan V, Suri V, Singh Sehgal I, et al. Bacterial coinfections and
secondary infections in COVID-19 patients from a tertiary care hospital of northern India: Time to
adhere to culture-based practices. Qatar Med J. 2021;2021(3):62.
https://doi.org/10.5339/qmj.2021.62.

53. Mihalj M, Karlović Z, Vladić-Spaić D, Spahalić M, Cvitković K, Arapović J. Hospital-acquired bacterial
infections in COVID-19 intensive care unit: A retrospective cross-sectional study. Clin Epidemiol Glob
Health. 2023;24:101445. https://doi.org/10.1016/j.cegh.2023.101445.

54. Mangioni D, Chatenoud L, Colombo J, Palomba E, Guerrero FA, Bolis M, et al. Multidrug-resistant
bacterial colonization and infections in large retrospective cohort of mechanically ventilated COVID-
19 patients. Emerg Infect Dis. 2023;29(8):1598–607. https://doi.org/10.3201/eid2908.230115.

55. Yang S, Hua M, Liu X, Du C, Pu L, Xiang P, et al. Bacterial and fungal co-infections among COVID-19
patients in intensive care unit. Microbes Infect. 2021;23(4–5):104806.
https://doi.org/10.1016/j.micinf.2021.104806.

Page 24/30



56. Risa E, Roach D, Budak JZ, Hebert C, Chan JD, Mani NS, et al. Characterization of Secondary
Bacterial Infections and Antibiotic Use in Mechanically Ventilated Patients With COVID-19 Induced
Acute Respiratory Distress Syndrome. J Intensive Care Med. 2021;36(10):1167–75.
https://doi.org/10.1177/08850666211021745.

57. Rice TW, Rubinson L, Uyeki TM, Vaughn FL, John BB, Miller RR, et al. Critical illness from 2009
pandemic influenza A virus and bacterial coinfection in the United States. Crit Care Med.
2012;40(5):1487–98. https://doi.org/10.1097/CCM.0b013e3182416f23.

58. Kash JC, Walters KA, Davis AS, Sandouk A, Schwartzman LM, Jagger BW, et al. Lethal synergism of
2009 pandemic H1N1 influenza virus and Streptococcus pneumoniae coinfection is associated with
loss of murine lung repair responses. mBio. 2011;2(5). https://doi.org/10.1128/mBio.00172-11.

59. Baudet A, Regad M, Gibot S, Conrath É, Lizon J, Demoré B, et al. Pseudomonas aeruginosa infections
in patients with severe COVID-19 in intensive care units: A retrospective study. Antibiot (Basel).
2024;13(5). https://doi.org/10.3390/antibiotics13050390.

60. Zhang G, Zhang J, Gao Q, Zhao Y, Lai Y. Clinical and immunologic features of co-infection in COVID-
19 patients, along with potential traditional Chinese medicine treatments. Front Immunol.
2024;15:1357638. https://doi.org/10.3389/fimmu.2024.1357638.

61. Henegariu O, Heerema NA, Dlouhy SR, Vance GH, Vogt PH. Multiplex PCR: critical parameters and
step-by-step protocol. Biotechniques. 1997;23(3):504–11. https://doi.org/10.2144/97233rr01.

62. Zacharioudakis IM, Zervou FN, Dubrovskaya Y, Inglima K, See B, Aguero-Rosenfeld M. Evaluation of a
multiplex PCR panel for the microbiological diagnosis of pneumonia in hospitalized patients:
Experience from an academic medical center. Int J Infect Dis. 2021;104:354–60.
https://doi.org/10.1016/j.ijid.2021.01.004.

63. Upadhyay P, Vallabhaneni A, Ager E, Alexander B, Rosato A, Singh V. Clinical relevance of PCR versus
culture in urinary tract infections diagnosis: Quantification cycle as a predictor of bacterial load.
Diagnostics (Basel). 2025;15(15):1939. https://doi.org/10.3390/diagnostics15151939.

64. Lleo MM, Ghidini V, Tafi MC, Castellani F, Trento I, Boaretti M. Detecting the presence of bacterial
DNA by PCR can be useful in diagnosing culture-negative cases of infection, especially in patients
with suspected infection and antibiotic therapy. FEMS Microbiol Lett. 2014;354(2):153–60.
https://doi.org/10.1111/1574-6968.12422.

65. Liu S, Yu C, Tu Q, Zhang Q, Fu Z, Huang Y et al. Bacterial co-infection in COVID-19: a call to stay
vigilant. PeerJ. 2024:12:e18041. https://doi.org/10.7717/peerj.18041

66. Li JZ, Huo D, Zhang DT, Zhao JC, Ma CN, Wu D, et al. Co-Circulation of respiratory pathogens that
cause severe acute respiratory infections during the autumn and winter of 2023 in Beijing, China.
Biomed Environ Sci. 2025;38(5):644–8. https://doi.org/10.3967/bes2025.050.

67. Musuuza JS, Watson L, Parmasad V, Putman-Buehler N, Christensen L, Safdar N. Prevalence and
outcomes of co-infection and superinfection with SARS-CoV-2 and other pathogens: a systematic
review and meta-analysis. PLoS ONE. 2021;16(5):e0251170.
https://doi.org/10.1371/journal.pone.0251170.

Page 25/30



68. Li X, Tang C, Zhou M, Mi J, Liu J, Han L, et al. Characteristics of SARS-CoV-2 variants and potential
co-infected pathogens in hospitalized patients based on metagenomic next-generation sequencing.
Sci Rep. 2025;15(1):18923. https://doi.org/10.1038/s41598-025-04111-3.

69. Alshaikh FS, Godman B, Sindi ON, Seaton RA, Kurdi A. Prevalence of bacterial coinfection and
patterns of antibiotics prescribing in patients with COVID-19: A systematic review and meta-analysis.
PLoS ONE. 2022;17(8):e0272375. https://doi.org/10.1371/journal.pone.0272375.

70. Doyle D, Dalton B, Zhang Z, Sabuda D, Rajakumar I, Rennert-May E, et al. A quasi-experimental
analysis comparing antimicrobial usage on COVID-19 and non-COVID-19 wards. Antimicrob Steward
Healthc Epidemiol. 2024;4(1):e192. https://doi.org/10.1017/ash.2024.417.

71. Antuori A, Giménez M, Linares G, Cardona PJ. Characterization of respiratory bacterial co-infection
and assessment of empirical antibiotic treatment in patients with COVID-19 at hospital admission.
Sci Rep. 2023;13(1):19302. https://doi.org/10.1038/s41598-023-46692-x.

72. Hedberg P, Serwin K, Francesca Greco M, Juozapaite JPVP, De Benedittis D. Bacterial and viral
coinfections in adult patients hospitalized with COVID-19 throughout the pandemic: A multinational
cohort study in the EuCARE Project. J Infect Dis. 2025;231(6):e1091–101.
https://doi.org/10.1093/infdis/jiaf167.

73. Morens DM, Taubenberger JK, Fauci AS. Predominant role of bacterial pneumonia as a cause of
death in pandemic influenza: implications for pandemic influenza preparedness. J Infect Dis.
2008;198(7):962–70. https://doi.org/10.1086/591708.

74. Leung C-H, Tseng H-K, Wang W-S, Chiang H-T, Wu AY-J, Liu C-P. Clinical characteristics of children
and adults hospitalized for influenza virus infection. J Microbiol Immunol Infect. 2014;47(6):518–25.
https://doi.org/10.1016/j.jmii.2013.06.002.

75. Cusumano JA, Dupper AC, Malik Y, Gavioli EM, Banga J, Berbel Caban A, et al. Staphylococcus aureus
bacteremia in patients infected with COVID-19: A case series. Open Forum Infect Dis.
2020;7(11):ofaa518. https://doi.org/10.1093/ofid/ofaa518.

76. Westblade LF, Simon MS, Satlin MJ. Bacterial coinfections in coronavirus disease 2019. Trends
Microbiol. 2021;29(10):930–. https://doi.org/10.1016/j.tim.2021.03.018.  41.

77. Mu T, Wang X, Lu Z, Tong J. Implications of LDH in patients with coronavirus disease 2019
pneumonia. Front Cell Infect Microbiol. 2023;13:1180187.
https://doi.org/10.3389/fcimb.2023.1180187.

78. Zhang N, Zhang H, Tang Y, Zhang H, Ma A, Xu F, et al. Risk factors for illness severity in patients with
COVID-19 pneumonia: a prospective cohort study. Int J Med Sci. 2021;18(4):921–8.
https://doi.org/10.7150/ijms.51205.

79. Calvo-Silveria S, Fernández-Delgado L, González-Díaz A, España-Bonilla R, Calatayud L, Niubó J, et al.
SARS-CoV-2 and Streptococcus pneumoniae colonization and disease: an observational study in
adults. Front Cell Infect Microbiol. 2025;15:1624521. https://doi.org/10.3389/fcimb.2025.1624521.

80. Bardi T, Pintado V, Gomez-Rojo M, Escudero-Sanchez R, Azzam Lopez A, Diez-Remesal Y, et al.
Nosocomial infections associated to COVID-19 in the intensive care unit: clinical characteristics and

Page 26/30



outcome. Eur J Clin Microbiol Infect Dis. 2021;40(3):495–502. https://doi.org/10.1007/s10096-020-
04142-w.

81. Raad M, Abou Haidar M, Ibrahim R, Rahal R, Abou Jaoude J, Harmouche C. Stenotrophomonas
maltophilia pneumonia in critical COVID-19 patients. Sci Rep. 2023;13(1):3392.
https://doi.org/10.1038/s41598-023-28438-x.

82. Perez S, Innes GK, Walters MS, Mehr J, Arias J, Greeley R, et al. Increase in hospital-acquired
carbapenem-resistant Acinetobacter baumannii infection and colonization in an acute care hospital
during a surge in COVID-19 admissions - New Jersey, February-July 2020. MMWR Morb Mortal Wkly
Rep. 2020;69(48):1827–31. https://doi.org/10.15585/mmwr.mm6948e1.

83. Abdollahi A, Aliramezani A, Salehi M, Norouzi Shadehi M, Ghourchian S, Douraghi M. Co-infection of
ST2(IP) carbapenem-resistant Acinetobacter baumannii with SARS-CoV-2 in the patients admitted to
a Tehran tertiary referral hospital. BMC Infect Dis. 2021;21(1):927. https://doi.org/10.1186/s12879-
021-06642-2.

84. Zhang J, Li Q, Liu J, Fan F, Shi Y, Yu X. Prevalence of hypervirulent Klebsiella pneumoniae strains in
COVID-19 patients with bacterial co-infections. Front Microbiol. 2025;16:1535893.
https://doi.org/10.3389/fmicb.2025.1535893.

85. Nurmberger J, Inoue F, Lobo A, Ramadan D, Tufik S. A-289 Emergence of unusual non-fermentative
Gram-negative bacilli associated to COVID-19 period at Brazilian hospitals. Clin Chemistry.
2023;69(Suppl 1):hvad097. 254.
https://academic.oup.com/clinchem/article/69/Supplement_1/hvad097.254/7283422

86. Bongiovanni M, Barda B. Pseudomonas aeruginosa bloodstream infections in SARS-CoV-2 infected
patients: A systematic review. J Clin Med. 2023;12(6). https://doi.org/10.3390/jcm12062252.

87. Mahmoudi H. Bacterial co-infections and antibiotic resistance in patients with COVID-19. GMS Hyg
Infect Control. 2020;15:Doc35. https://doi.org/10.3205/dgkh000370.

88. Hojat LS, Wilson BM, Perez F, Mojica MF, Singer ME, Bonomo RA, et al. Association of COVID-19
coinfection with increased mortality among patients with Pseudomonas aeruginosa bloodstream
infection in the Veterans Health Administration system. Antimicrob Steward Healthc Epidemiol.
2023;3(1):e237. https://doi.org/10.1017/ash.2023.455.

89. Venier AG, Leroyer C, Slekovec C, Talon D, Bertrand X, Parer S, et al. Risk factors for Pseudomonas
aeruginosa acquisition in intensive care units: a prospective multicentre study. J Hosp Infect.
2014;88(2):103–8. https://doi.org/10.1016/j.jhin.2014.06.018.

90. Rabaan AA, Al-Ahmed SH, Garout MA, Al-Qaaneh AM, Sule AA, Tirupathi R, et al. Diverse
immunological factors influencing pathogenesis in patients with COVID-19: A review on viral
dissemination, immunotherapeutic options to counter cytokine storm and inflammatory responses.
Pathogens. 2021;10(5). https://doi.org/10.3390/pathogens10050565.

91. Segala FV, Pafundi PC, Masciocchi C, Fiori B, Taddei E, Antenucci L, et al. Incidence of bloodstream
infections due to multidrug-resistant pathogens in ordinary wards and intensive care units before

Page 27/30



and during the COVID-19 pandemic: a real-life, retrospective observational study. Infection.
2023;51(4):1061–9. https://doi.org/10.1007/s15010-023-02000-3.

92. He S, Liu W, Jiang M, Huang P, Xiang Z, Deng D, et al. Clinical characteristics of COVID-19 patients
with clinically diagnosed bacterial co-infection: A multi-center study. PLoS ONE.
2021;16(4):e0249668. https://doi.org/10.1371/journal.pone.0249668.

Figures

Figure 1

Distribution of respiratory bacterial co-pathogens in patients with SARS-CoV-2. Bars represent PCR
positivity rates, not clinically confirmed infections. The X-axis shows bacterial species, while the Y-axis
represents the percentage of each co-pathogen among 254 COVID-19 patients. The percentage value is
displayed above each bar. S. aureus, S. pneumoniae, S. maltophilia, and P. aeruginosa were the four most
common co-pathogens with frequencies of 22.8% (58/254), 21.3% (54/254), 20.5% (52/254), and 11.4%
(29/254), respectively.
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Figure 2

Distribution of respiratory bacterial co-pathogens in different age groups of COVID-19 patients. Bars
represent PCR positivity rates, not clinically confirmed infections. The X-axis shows patients' age ranges
(years), and the Y-axis indicates the number (count) of each bacterial co-pathogen, as is displayed above
each bar. In the age group of 45 to 64 years, all eight bacterial species were detected, followed by ≥ 65
years, 15-44 years, and < 15 years groups, with 7, 6, and 3 bacteria discovered, respectively.

Figure 3
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Distribution of respiratory bacterial co-pathogens in different severity groups of COVID-19 patients. Bars
represent PCR positivity rates, not clinically confirmed infections. The X-axis shows COVID-19 severity,
and the Y-axis indicates the number (count) of each bacterial co-pathogen, as is displayed above each
bar. Except for B. pertussis and K. pneumoniae, other bacterial species were commonly found in all
severity groups.
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