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Data on the prevalence of bacterial co-infections and secondary infection among adults with COVID-19 admitted to the intensive care unit (ICU) are rare. We aimed to determine the frequency of secondary bacterial infection, antibiotic use, and clinical characteristics in patients admitted to the ICU with severe SARS-CoV-2 pneumonia. This was a retrospective cohort study of adults with severe COVID-19 admitted to two ICUs from March 6 to September 7, 2020 in an academic medical center in Isfahan, Iran. To detect COVID-19, reverse transcription real-time polymerase chain reaction was performed and also typical pattern of CT scan was used for the diagnosis of COVID-19. Data collection included the age, gender, main symptoms, history of underlying disease, demographics, hospital stay, outcomes, and antibiotic regimen of the patient. Antimicrobial susceptibility testing was carried out according to the CLSI guidelines. During the study period, 553 patients were referred to the both ICUs for COVID-19 with severe pneumonia. Secondary bacterial infection was detected in 65 (11.9%) patients. The median age was 69.4 (range 21–95) years; 42 (63.6%) were men. Notably, 100% (n = 65) of the patients with superinfection were prescribed empirical antibiotics before first positive culture, predominantly meropenem (86.2%) with a median duration of 12 (range 2–32) days and levofloxacin (73.8%) with a median duration of nine (range 2–24) days. Most prevalent causative agents for secondary bacterial infection were Klebsiella pneumoniae (n = 44) and Acinetobacter baumannii (n = 33). Most patients with secondary bacterial infection showed extensive drug-resistance. The mortality among patients who acquired superinfections was 83% against an overall mortality of 38.1% in total admitted COVID-19 patients. We found a high prevalence of carbapenem-resistant Gram-negative bacilli in COVID-19 patients admitted to our ICUs, with a high proportion of K. pneumoniae followed by A. baumannii. These findings emphasize the importance of implementation of strict infection control measures and highlight the role of antimicrobial stewardship during a pandemic.
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Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which causes coronavirus disease 2019 (COVID-19), was first identified in December 2019 in Wuhan, China, and is currently circulating worldwide. COVID-19 disease is the greatest pandemic of our generation, with 227 million people infected and 4,664,000 deaths worldwide (WHO). The World Health Organization (WHO) guidelines for the clinical management of COVID-19 disease advise clinicians to collect specimens from the upper respiratory tract and blood samples for bacterial cultures, and to start empirical antibiotic therapy only in severe cases (WHO, Interim guidance March 13, 2020). It is becoming apparent that secondary bacterial infections occur in many COVID-19 patients and lead to increase disease severity and mortality, especially in those requiring invasive mechanical ventilation. Bacterial co-infection and secondary infection rates are generally low in COVID-19 patients, with higher rates in critically ill intensive care unit (ICU)-patients. Many studies of COVID-19 patients admitted to the ICU note the empiric use of antibiotics in a majority of patients, which can lead to increases in the prevalence of multidrug-resistant (MDR) bacteria (Contou et al., 2020; Sharifipour et al., 2020; Baskaran et al., 2021). COVID-19 pneumonia is associated with high rates of admission to the ICU and in-hospital mortality (Contou et al., 2020). Among COVID-19 patients, the bacteria, namely, Klebsiella pneumoniae, Acinetobacter spp., and Pseudomonas spp., Escherichia coli, and Staphylococcus spp., are the most frequently detected causative pathogens (Sharifipour et al., 2020). Understanding the proportion of COVID-19 patients with acute respiratory bacterial co-infection is crucial for treating patients with COVID-19 and to help ensure responsible use of antibiotics for decreased rates of antibiotic-resistant bacteria (Russell et al., 2021). We aimed to assess the rate of secondary bacterial infections, their antibiotic resistance, antibiotic therapies and clinical characteristics applied among patients admitted to our hospital for severe SARS-CoV-2 pneumonia in Isfahan, Iran.



Materials and Methods


Data Collection

We conducted a single-center retrospective study including all adult (≥18 years old) patients admitted to two COVID-19 ICUs from March 6 to September 7, 2020 in an academic hospital with approximately 220 beds, located in in Isfahan, Iran, for acute respiratory failure related to SARS-CoV-2 pneumonia. In this study, the criteria for admission to the ICU wards was a positive RT-PCR test or presence of ground glass opacity in the CT-scan. The collected clinical data include: age, gender, main symptoms, history of underlying disease, patient demographics, hospital stay, and outcomes and also the antibiotic and steroid regimen of the patient.



Reverse Transcription Real-Time Polymerase Chain Reaction (RT-PCR) for the Detection of COVID-19

This step was performed once for each patient. Briefly, nasopharyngeal and tracheal aspirate samples were taken from the patients and then placed in a separate collection tube containing 2–3 ml of viral transport medium and immediately sent to the COVID-19 reference laboratory of the university. RNA extraction was performed using the Viral Nucleic Acid Extraction kit according to the manufacturer’s protocol (RBC Bioscience, Taipei, Taiwan). RT-PCR was performed using LightMix® Modular SARS and Wuhan CoV E-gene kit and using one-step RT-PCR polymerase Mix (Tib-Mol-biol, Berlin, Germany) (Corman VM et al., 2020).



Collection of Clinical Specimens for Bacterial Detection

In the present study, over six months, 365 clinical samples such as blood, catheters, cerebrospinal fluid (CSF), sputum, stool, tracheal aspirate, wound and urine were collected from inpatients in two different ICU wards of an educational hospital affiliated to the Isfahan University of Medical Sciences, Isfahan, Iran. The clinical samples were cultured on Blood agar, Chocolate Agar and MacConkey agar (Merck) and then incubated at 37°C for 24–48 h under standard conditions. Species identification was carried out using standard biochemical tests and API 20E (bioMérieux, Marcy-l’Etoile, France). In addition, Acinetobacter baumannii species were confirmed for blaOXA-51 gene by PCR (Turton et al., 2006).



Antimicrobial Susceptibility Testing and MIC Determination

Antimicrobial susceptibility testing was performed using the disc diffusion method according to the Clinical and Laboratory Standards Institute [CLSI] guidelines. The antibiotics tested included ceftazidime (CAZ), ceftriaxone (CTX), cefepime (CPM), ampicillin/sulbactam (SAM), piperacillin/tazobactam (PTZ), meropenem (MEM), amikacin (AM), gentamicin (GM), ciprofloxacin (CIP), and levofloxacin (LEV). The minimal inhibitory concentration (MIC) of meropenem was determined by gradient test strips (Liofilchem, Italy) based on the CLSI guideline (CLSI, 2017). MICs of colistin were determined by broth macrodilution method using colistin sulfate (Sigma-Aldrich), and EUCAST breakpoints were used for interpretation (EUCAST, 2017) (EUCAST). E. coli ATCC 25922 and S. aureus ATCC 29213 were used as quality control strains.



Definitions

A positive COVID-19 case was defined as a person with a confirmed positive result on a nasopharyngeal and tracheal swab tested using RT-PCR testing for SARS-CoV2 and also the presence of specific COVID-19 CT features. Secondary infections were identified by bacterial infection that developed during ICU stay but after admission of more than 48 h duration, meaning not present at the time of presentation with COVID-19. Secondary bacterial infections in COVID-19 patients are typically referred to as superinfections. Extensively drug resistant (XDR) was defined as non-susceptibility to at least one agent in all but two or fewer antimicrobial categories (i.e., bacterial isolates remain susceptible to only one or two available classes).



Statistical Analysis

Continuous data are described by median (range) and categorical data by absolute and relative frequencies. The categorical variables were denoted as absolute and relative values (frequencies) and compared by Fisher’s exact Chi-square test using P <0.05 as the level of significance. Statistical analyses were performed using Microsoft Excel 2007 and IBM SPSS Statistics Version 23.0.




Results

During the study period, a total of 553 adult patients were admitted to our ICU wards (ICU-1 N = 439 and ICU-2 N = 114) for acute respiratory failure due to SARS-CoV-2 pneumonia. Bacterial and fungal positive culture results showed that sixty-five out of 553 patients (11.9%) were positive for bacterial infections and six out of 553 of patients (1%) had only fungal infections. As shown in Table 1, the median age of patients was 69.4 years (range of age 21–95 years), and 42 (63.6%) patients were men. At least one underlying comorbidity was present in 53.8%. Prevalent underlying diseases included heart disease (21.5%; n = 14) and diabetes mellitus (15.3%; n = 10) (see Table 1). Approximately the median length of hospital stay and the median duration of ICU stay was 22 and 17 days, respectively. The overall mortality of the total population in both ICUs was 38.1% (211/553) (ICU-1 = 34.8% and ICU-2 = 50.8%). Mortality among COVID-19 patients who acquired secondary bacterial infections was 83% (54/65), whereas mortality rate among patients without bacterial superinfections was 32.1% (211–54/488). There was a significantly higher rate of inpatient mortality (83% vs 32.1%; P <.0001) among patients with concomitant bacterial infection compared to those without. Also, fifty-six out of 65 received corticosteroids to the treatment of COVID19. Nineteen and 26 patients received dexamethasone (6 mg/day) with a median duration of six (1–22) days and methylprednisolone (2 mg/kg/day) with a median duration of four (1–8) days, respectively, and 11 patients received both (see Table 2).


Table 1 | Baseline demographics and clinical characteristics of the study patients.




Table 2 | Characteristics of patients hospitalized with coronavirus disease 19 (COVID-19).



In this study, of the 65 patients with secondary bacterial infection, 39 out of 65 (60%) had positive RT-PCR results and 53 out of 65 (81.5%) had a positive chest CT scan. Also, all 26 patients (40%) with negative RT-PCR had typical appearance [ground glass opacity (GGO)] on chest CT. In addition, consolidation and mixed (GGO pulse consolidation) in chest CT scan of patients were 12.3% (8/65) and 9.2% (6/65), respectively.

Out of a total of 365 samples (279 samples in ICU-1 and 86 samples in ICU-2) collected for microbiological culture, 70 (19.2%) and six (1.6%) samples were positive for bacterial and fungal growth, respectively. Out of the total positive samples tested for bacteria, 62/70 (88.6%) were respiratory specimens [endotracheal aspirate, sputum and bronchoalveolar lavage (BAL)], 6/70 (8.6%) were blood samples, 1/70 (1.4%) was a urine sample and 1/70 (1.4%) was a wound sample. Overall, 86 bacterial isolates were collected from 65 patients. Seventy-two strains (83.7%) were recovered from 54 patients in ICU-1, whereas the remaining isolates were recovered from 11 inpatients in ICU-2 ward. Also, out of six positive samples for fungal isolates, six Candida species were reported and all of them were collected from urine samples. According to culture results, the commonest co-pathogens identified were mainly Gram-negative bacteria (GNB), including K. pneumoniae (n = 47), A. baumannii (n = 35), Enterobacter cloacae (n = 1), E. coli (n = 1), and Pseudomonas aeruginosa (n = 1). Only one Gram-positive bacteria (S. epidermidis) was isolated. Mixed infection with more than one bacteria isolated from the same site was seen in 24.6% (16/65) of patients. The results are shown in Table 2. In this study, pneumonia was the most commonly reported bacterial infection (n = 62), followed by bacterial bloodstream infection (n = 6), bacterial wound infection (n = 1) and bacterial urinary tract infection (n = 1). It should be noted that some patients develop more than one infection during hospitalization in the ICU wards (see Table 2). Also, six fungal urinary tract infections caused by Candida species were observed.

In this study, thirty-eight patients were diagnosed with ventilator-associated pneumonia (VAP). Eighteen patients were early-onset VAP (EOVAP) and 20 patients were late-onset VAP (LOVAP) (see Table 2).


Antimicrobial Susceptibility

Susceptibility profiles against eleven antimicrobials agents are listed in Table 3. Highest resistance was seen in K. pneumoniae isolates against nearly all antimicrobials agents. The rate of K. pneumoniae isolates exhibiting resistance to colistin was 10.6% (5/47), with MICs ranging from 4 to 16 mg/L. All A. baumannii isolates demonstrated resistance to meropenem, ceftazidime, cefotaxime, cefepime, piperacillin/tazobactam, fluoroquinolones and all of them were susceptible to colistin. The percentages of resistance to other antimicrobial agents among A. baumannii isolates were as follows: amikacin 94.3% (33/35); gentamicin 97.2% (34/35) and ampicillin/sulbactam 60% (21/35). S. epidermidis were resistant to all antimicrobial agents, with the exception of vancomycin, linezolid, and teicoplanin.


Table 3 | Drug resistance rate of five GNB to antibiotics in patients with COVID-19 from January to April in Isfahan, Iran.





Patterns of Antibiotic Use and Antiviral Therapy

Thirty-six of the 65 (55.4%) of patients received antimicrobial therapy within 24 h of admission: in twenty-five patients antimicrobial therapy was initiated in the emergency department, and in 11 patients therapy was initiated on ICU (in cases of direct admittance to ICU). In terms of antibiotic prescribing patterns, 100% (n = 65) of all patients received at least two antibiotics. The most frequently used antibiotic regimen was meropenem (56/65 86.2%) with a median duration of 12 (2–32) days, followed by levofloxacin (48/65 70.8%), colistin (44/65 67.7%), linezolid (40/65 61.5%), vancomycin (31/65 47.7%), with a median duration of 9 (2–24), 8 (1–34), 10 (2–14) and 7 (2–14) days, respectively. Detailed information on antibiotic therapy including duration of therapy is presented in Table 4. Also, among 65 patients with superinfection, 38.4, 4.6, and 3% patients received hydroxychloroquine, oseltamivir, and kaletra, respectively (Table 1).


Table 4 | Most commonly used antibiotics for treatment of patients with secondary bacterial infection.






Discussion

This study belongs to a group of early microbiological studies that report clinical characteristics and outcomes in COVID-19 patients admitted to the ICUs with secondary bacterial infections in Iran. The main results are as follows: (1) 11.9% of the COVID-19 patients admitted to our ICUs have a superinfection upon ICU admission; (2) the leading involved bacteria were extremely drug-resistant (XDR) GNB specially K. pneumoniae and A. baumannii; (3) inappropriate use or overuse of antibiotics and change in antimicrobial use during the pandemic. At present, there are limited data regarding bacterial co-infection and secondary infection in COVID-19 in Iran. However, in a study carried out by Sharifipour et al. in Qom, Iran, it was reported that bacterial co-infection with A. baumannii and Staphylococcus aureus identified in nineteen COVID-19 patients admitted to the ICU (Sharifipour et al., 2020). It is important to mention that all data collected and analyzed in this study is related to pre tocilizumab era.

The prevalence of bacterial infections in COVID-19 patients admitted to the ICU has been reported in several studies. (Contou et al., 2020; Sharifipour et al., 2020; Baskaran et al., 2021). A recent systematic review and meta-analysis study evaluating co-infections among patients infected with COVID-19 performed by Langford et al. reported that the rate of secondary bacterial infection is 14.3% (Langford et al., 2020). Recent studies reported 41 and 28% rates of co-infection among patients admitted to a North American and French ICUs (Contou et al., 2020; Lehmann et al., 2020). Respiratory sites were the most common sites of bacterial infection in COVID-19 patients. Gram-negative pathogens were predominant in respiratory infections. Herein, we report on a 11.9% rate of bacterial superinfection mostly due to carbapenem resistant K. pneumoniae (CRKP) and A. baumannii (CRAB). This observation was similar to the findings reported by previous studies that investigated bacterial co-infections in patients with COVID-19, particularly ICU cohorts (Contou et al., 2020; Sharifipour et al., 2020; Baskaran et al., 2021). In this COVID-19 pandemic, Yang et al. have reported that bacterial co-infections were found in around 11.5% COVID-19 patients, which is in accordance with our results (11.9%) (Yang et al., 2020). According to recent studies in Iran, CRKP and CRAB had the highest rates of incidence in ICUs (Solgi et al., 2017; Sharifipour et al., 2020; Solgi et al., 2020; Bolourchi et al., 2021; Nazari et al., 2021).

During the study period, 38 patients were diagnosed with VAP. Eighteen patients were EOVAP and 20 patients were LOVAP (see Table 2). Pathogens from this study did not differ between EOVAP and LOVAP. The results of our study were similar to other tertiary centers in India and Thailand (Arayasukawat et al., 2012; Jakribettu et al., 2016). In addition, we observed 6 cases of fungal co-infections caused by Candida species. In a systematic review in 2020, Lansbury and colleagues have reported that the rate of fungal infections was low among COVID-19 patients, which is in line with our results (Lansbury et al., 2020).

The median length of ICU stay among patients in our study was high, 17 days (4 to 61), findings similar to the study of Sharifipour et al. (2020), which reported a length of stay of 15 days (2–39) of all patients with COVID-19 admitted to their ICU. In this study, there was a significantly higher rate of inpatient mortality (83% 54/65) among patients with secondary bacterial infection compared to those without superinfection (211–54/488 = 32.1%). Among patients admitted to ICU wards, we found an association between patients identified to have superinfection and inpatient mortality on univariable analysis (P < .0001). In a study conducted by Neto and colleagues on COVID-19 patients with secondary bacterial infections in the United States, mortality rate was 50% (OR, 5.838; P <.0001) (Neto et al., 2020). Similarly, the study by Vijay and colleagues in COVID-19 cases indicated that the mortality among patients who acquired secondary infections was 56.7% (Vijay et al., 2021).

Despite an overall low rate of bacterial infections in our study, all of 65 patients who acquired bacterial infection received at least two empiric antibiotic therapy upon ICU admission before first positive MDR-GNB culture, with the majority constituting broad-spectrum agents such as levofloxacin, meropenem and linezolid, which can cause the lack of growth of not-MDR pathogens in culture samples. Similarly, the study by Patel and colleagues in COVID-19 cases indicated that of the 71 patients who had MDR GNB infection, 69 (97%) had received antibiotics before first positive resistant GNB culture (Patel et al., 2021). Moreover, these findings are similar to a study in New York reported empirical antibiotics use among 79% of COVID-19 inpatients (Nori et al., 2020) and several studies performed during the beginning of the COVID-19 pandemic from China have reported that over 90% of patients received empirical antibiotics (Wang et al., 2020; Wu et al., 2020). In the present study, GNB were the most commonly recovered organisms from specimen cultures in patients with COVID-19. The predominance of GNB in this study likely reflects nosocomial infection following prolonged ICU stay and empirical antibiotic use.

The frequent prescription of broad-spectrum empirical antimicrobials in COVID-19 patients could increase antibiotic resistance in the near future. Therefore, strict programs of antimicrobial stewardship are required to improve antibacterial use.

The predominance of CRKP and CRAB isolates in current study, could be due to the invasive device-associated infections during ICU stay due to mechanical ventilation and empirical antibiotic use. Also indicated was an environmental source, pointing to poor hand hygiene and poor infection control practices.

During COVID-19 pandemic, due to fear of COVID-19 approximately all healthcare workers use gloves as part of personal protective equipment and do not feel the need to perform hand hygiene before and after patient care, and there is a lack of concern for patient to patient transmission of XDR pathogens in hospitalized patients (Vijay et al., 2021). As most of the bacterial infections in the present study were XDR pathogens nosocomial in origin, it highlighted poor infection control measures (e.g., hand washing, glove changing, and meticulous cleaning of equipment), that could have led to cross-transmission of XDR pathogens during patient care.

Our study has several limitations. First, it is a single-center retrospective study from an academic hospital in the epicenter of the COVID-19 pandemic, and the data collected were limited. Therefore, our results may not be generalizable to other centers with a different bacterial ecology. Second, during the study period, molecular diagnostic tests (e.g., PCR) were not available for detection of atypical pathogens, such as Mycoplasma pneumoniae. Therefore, we might have missed atypical secondary bacterial infection identified and other respiratory pathogen infections usually diagnosed by PCR. Third, due to the lack of a mycology laboratory in our hospital, it was not possible to accurately identify fungal infections. So, the true incidence of fungal infections remains unclear. Finally, a differential diagnosis of GGO pattern was not performed.

In conclusion, the superinfection among patients admitted to the ICU wards is a serious problem in the COVID-19 pandemic, which can lead to increasing the disease severity and mortality. Herein, we report on a 11.9% rate of secondary bacterial infection at ICU admission of adult patients with severe COVID-19, mostly with CRKP and CRAB that associated with high mortality rates (83%). These data are also in line with the previously documented high mortality associated with these pathogens (Balkhair et al., 2019). With increasing cases of COVID-19 in Iran, there is a need to reinforce the principles of antimicrobial stewardship and infection control.
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Patient Specimens  Species Ward Date of Dateof  Sampling Lengthof stayin Hospitalization ~RT- Antimicrobial Outcomes ~ Comorbidities  Treatment/ Steroid/

hospitalization  intubation date IcU (Days) duration PCR  susceptibility phenotype duration (days)*  duration (days)
1 Blood A baumannii 1CU-1 2020/3/15 N 2020/3/22 9 10 Pos  SAM,COL Died coPp cous MTP/
2 Sputum K. pneumoniae 1CU-1 2020/3/9 NI 2020/3/28 61 64 Pos  COL Sunived  Diabetes, Heat  COL/10 MTP/E
Bal K. peumoniae 2020/5/3  2020/5/6 coL disease
3 A A. baumanni 1CU-2 2020324 2020/25  2020/3/27 7 15 Neg  SAM,COL Sunived - cous DXM5
4 A K. peumoniae 1GU-1 2000311 2020/19 2020329 2 2 Pos  COL Died - cout DXM/5
5 Sputum A baumanni 1CU-1 2020315 N 20200472 22 2 Pos  SAM,COL Died Disbetes, Heart ~ COL/4 DXMS5, MTP/2
disease
6. A K. pneumoniae  1CU-1 2020314 2020/320  2020/4/2 26 27 Neg  COL Died - cous MTP/8
7. A K. pneumoniae ICU-1 2020325 2020413 2020/4/5 38 a Neg  AM, COL Died Heartdsease  COL/3 DXM2, MTP/4
8 A A. baumannii 1CU-1 2020327 2020/328  2020/4/5 32 45 Pos  SAM,COL Sunived  — cou/4 DXW2, MTP/6
9 Sputum K. pneumoniae ICU-1 2020325 N 2020/4/5 9 12 Pos  COL Died - - DXM/5
0. TA A. baumannii 1CU-2 2020718 2020380 2020/4/11 23 25 Pos  COL Died - cout DXM/G, MTP/2
1 TA A baumanni 1CU-1 2000411 2020/4/17  2020/4/20 10 1 Pos  COL Died - - MTP/3
2. TA A. baumannii 1CU-1 20201417 2020/4119  2020/4/22 30 31 Pos  COL Died - coua DXM22
Wound K. pneumoniae 202004125 coL
1B TA A baumannii 1CU-1 20201417 2020/4/25  2020/4/25 7 8 Neg  COL Died - - -
o TA A. baumannii 1CU-1 2020325 2020/4/3  2020/4/30 35 a Neg  SAM,COL Died Diabetes, Heart ~ COL/3 DXM2, MTP/3
disease
15, Spuum K. pneumoniae ICU-1 2020/5/5 NI 2020/5/10 8 9 Neg  COL Died - cou DxXw2
16, Blood E coli 1cu-1 2020/4/30 N 2020/5/12 1 12 Pos  AM,PTZ, CAZ, MEM, COL, Died CKD,COPD,  CAZ/10,COU1 -
Heart disease
17, Urine A baumannii 1CU-1 2020/5/4 N 2020/5/16 20 22 Neg  COL Died - cou DXM3
18 TA A baumannii  1CU-1 202052 202052 2020/5/17 2 56 Neg  COL Sunived  Hypertension  COL/34 DX
9. TA K. peumoniae  1CU-1 2000327 2020/3/27 2020417 30 a1 Neg  COL Died - - DX
0. TA K. pneumonize ICU-1 2000514  2020/5/15  2020/5/21 10 1 Pos  AM, GM, MEM, COL Died Heartdisease  MEM/3,COL/1  DXM/5
Blood K. pneumoniae AM, COL
21 Sputum A, baumanni 1CU-1 20205/11 NI 2020/5/21 4 10 Pos  AM,COL Died Heart dsease - MTP/8
K. pneumoniae AM, COL
22. Blood K. pneumoniae ICU-1 20200574 N 2020/5/28 21 32 Neg  AM, COL Died - cout DXM3
2. TA K. pneumoniae ICU-1 2020521 2020/5/21  2020/5/24 16 17 Neg  AM, GM, COL Died oo cour TP/
24, Spuum A baumanni  ICU-1 2020/5/10 NI 2000/5/27 30 31 Pos  COL Died - coLa DXW10
K. peumoniae coL
2. TA A. baumannii 1CU-1 20205511 20200525  2020/5/27 6 16 Pos  SAM,COL Died COPD, Heat - MTP/
disease
26 Spuum A baumanni  ICU-1 2020/5/16 NI 2020/5/27 " 20 Pos  SAM, COL Died - cous -
2. TA A baumannii 1CU-1 20205515 2020/5/20  2020/5/30 16 17 Neg  COL Died Hypertension  COL/2 -
K. pneumoniae coL
26 Spuum A baumanni  ICU-1 2020/5/20 NI 2020/6/3 9 7 Neg  COL Died Heart dsease  COL/3 TP/
20. TA A baumannii 1CU-1 2020581 2020/5/31 2020065 6 7 Pos  COL Died Hypertension - MR/
K. pneumoniae coL
0. TA A. baumanni 1CU-2 2020572 202052 2020/5/6 21 53 Neg  COL Sunived  CND cowzr V)
K. peumoniae coL
31 Sputum A, baumanni  ICU-1 2020/6/30 NI 2020/6/9 10 " Pos  SAM,COL Died Heart dsease - MTP2
2. TA A baumannii 1CU-1 202062 2020/6/9  2020/6/11 9 10 Pos  SAM, COL Died - - MR/
3. Sputum A baumamni  ICU-1 20206/9 NI 2000/6/12 3 4 Neg  AM,GM Died - - -
34 Sputum A, baumanni  1CU-1 2020/5/19 NI 2020/6/13 24 25 Pos  COL Died cND cout DXM2, MTP/2
K. pneumonize coL
3B TA K. pneumoniae  1CU-2 20200658 2020/6/14  2020/6/17 12 14 Pos  COL Died - coua MTP/S
% TA P.aenuginosa  1CU-2 2020603 20206/15  2020/6/19 20 30 Neg ~ AM,GM,PTZ MEM,COL  Died - MEW12 -
37, Blood . epidermidis  1CU-1 2020/5/2 NI 2000/6/22 20 50 Neg VAN, LEN, TEC Sunived  GND COL/22, UN/14 DXW/1T
3. Spuum K. pneumoniae ICU-2 2020/6/7 N 2020/6/24 18 20 Pos - Died - coua wmTP7
. TA K. pneumonize ICU-1 20200610 2020/6/15  2020/6/25 14 15 Pos  COL Died - - MTP/5
40.  Sputum A baumanni  ICU-1 2020/6/8 NI 2000/6/27 27 2 Neg COL Died ] cou4 MTP3
K. pneumoniae coL
4. TA K. pneumoniae  1CU-1 2020620 2020/6/28  2020/7/1 1 13 Neg COL Died COPD, MI - DXMSS,
MTP/3
42 Spuum A baumami  ICU-1 20206728 N 20207771 10 1 Neg COL Died Heartdsease - -
K. pneumoniae coL
43, Sputum  K.pneumonae ICU-1 2020/6/10 N 2020/6/25 4 15 Pos  COL Died Diabetes - MTP/5.
4. Spuum  K.pneumonie ICU-1 20206123 N 202017/5 16 26 Pos  COL Sunived - couio MTP/S
45 A A. baumannii 10U-1 20200617 2020/6/28  2020/7/7 51 53 Pos  OOL Died CKD COL/18, TIG/H2  DXM22
K. pneumoniae coL
Bal K. pneumoniae 202077727 -
6. A K. pneumoniae ICU-1 2020613 2020/621  2020/6/27 23 28 Neg COL Died - couto DXM5, MTP/4
47, Spuum A baumami  ICU-1 20206/18 N 2020/6/27 13 14 Neg COL Sunived - cous DXM/4
K. pneumoniae coL
®  TA A. baumanni 1CU-1 2020711 2020711 2020/7/18 23 2 Neg COL Died - couis -
K. pneumoniae coL
49. Sputum A baumanni  ICU-2 202079 N 20207720 7 1 Pos  AM,COL Died CKD, COPD - g
K. pneumoniae coL
0. TA A baumanni 1CU-2 2020722 2020085 20208/5 13 i Pos  COL Died Heartdsease - MTP/3
K. poeumoniae. coL
5. TA K. pneumoniae  1CU-1 20207/30  2020/8/3  2020/8/5 9 10 Pos  COL Died CKD cous DXM3, MTP/3
52 TA A baumanni ICU-1 2020728 202008/ 2020817 10 12 Pos  COL Died Diabetes - MTP/4
K. pneumoniae coL
Sputum K. pneumoniae ICU-1 20207117 N 2020/8/8 25 24 Pos  AM,GM,PTZ SAM,CAZ,  Died M MEM7,LEV/7,  DXMB
LEV, MEM, COL, couia
T A baumanni 1CU-1 20207/31  2020/7/31  2020/8/9 30 3 Neg ~ SAM,COL Sunived - coute DXM/18
A A baumanni U1 20207/27 2020084 2020877 20 21 Pos  COL Died - cour MTP/4
TA Enterobacter 2020813 PTZ, CAZ
™ A baumanni 1ICU-2 2020813 2020/818  2020/8/20 6 7 Neg  SAM,COL Died - - MTP2
K. pneumoniae coL
57.  Bood K. pneumoniae 1CU-1 20207/29 N 2020/8/21 2 23 Pos  COL Died - couto MTP/5.
6. TA K. pneumoniae  10U-1 20208/6 2020818 2020821 13 16 Pos - Died Diabetes, Heat ~ COL/2 MTP/8
disease
9. TA K. peumoniae  10U-2 2020818 2020/821  2020/8/24 2 6 Pos - Died - - -
0. TA K. pneumoniae  1CU-1 2020819 2020819 2020/8/24 10 22 Neg  CIP, LEV, COL Sunived - couta DXMB
61 A K. pneumoniae ICU-2 2020814 2020/816  2020/8/25 16 17 Pos  COL Died - coua DXM2, MTP/4
62 TA K. pneumoniae  1CU-1 2020822 2020/827  2020/8/27 10 20 Pos  COL Sunived  Diabetes coutz DXM/10
63 TA K. pneumoniae  1CU-1 2020819 2020819 2020/8/28 13 15 Pos  COL Died Diabetes cous MTP/2
64.  Spuum  K.pneumonae ICU-1 20208/10 N 2020/8/31 19 2 Pos  COL Died Diabetes, Heart ~ COL/4 MTP/6
disease
65. TA A baumanni U1 20207/23  2020/827  2020/9/6 20 5 Pos  SAM,COL Died Diabetes, CKD  COL/14 DXM/15, MTP/4,
K. pneumoniae coL

Bal, Bronchoalveolar lavage; TA, Tracheal Aspirate; ICU, Intensive Care Unit; NI, Not Intubate; Pos, Positive; Neg, Negative; SAM, Ampicilin/sulbactam; COL, Colistin; AM, Amikacin; PTZ, Piperacilln-tazobactam; CAZ, Ceftazidlime; MEM,
Meropenem; GM, Gentamicin; VAN, Vancomycin; LIN, Linezolid; TEC, Teicoplanin; CIP, Ciprofioxacin; LEV, Levofioxacin; TIG, Tigecyciine; CKD, Chronic Kidney disease; COPD, Chronic obstructive pulmonary disease; CND, Chronic
neurological disease; Mi, Medical immunosuppression; MTP, Methyl-prednisolone; DXM, Dexamethasone.

“In this column, only the antibiotics prescribed after the diagnosis of bacterial infections are listed.
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Use of more than one class of empirical antibiotics, n (%)
Cephalosporin (Ceftazidime, Ceftriaxone), n (%)
Duration of therapy (days)

Azithromycin, n (%)

Duration of therapy (days)

Aminoglycosides (Amikacin, Tobramycin), n (%)
Duration of therapy (days)

Levofloxacin, n (%)

Duration of therapy (days)
Piperacilin/tazobactam, n (%)

Duration of therapy (days)
Ampicillin/sulbactam, n (%)

Duration of therapy (days)

Meropenem, n (%)

Duration of therapy (days)

Colistin, n (%)

Duration of therapy (days)

Vancomycin, n (%)

Duration of therapy (days)

Linezolid, n (%)

Duration of therapy (days)

Value (n = 65)

65 (100%)
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7 (2-15)
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(21.5%)

4

(8-12)
(7.7%)
(4-14)
56 (86.2%)
w2 (2-32)
44 (67.7%)
8 (1-34)
31 (47.7%)
7 (2-14)
40 (61.5%)
10 (2-14)

7
8
9
14
8
5
8






OEBPS/Images/table3.jpg
Antibiotics

Ceftazidime
Ceftriaxone
Cefepime
Ampicillin/sulbactam
Piperacillin/tazobactam
Meropenem
Amikacin

Gentamicin
Ciprofloxacin
Levofloxacin

Colistin

K. pneumoniae (47)

S%

21
24
241
241
21
4.2
17
6.4
21
4.2
89.4

1%

cocooooo

IS}

cocooo!

R%

97.9
97.9
97.9
97.9
97.9
95.8
80.9
93.6
97.9
95.8
10.6

A. baumannii (35)

$%

»> oo o

N oo
coxp oo

1%

0
0
0

Oooo0o0O0O:

R%

100
100
100
60
100
100
94.3
97.2
100
100
0

S%
100
100
100
100

100
100

100

E. coli (1)

1%

Ococooooocoocoooo0o0o

R%

P. aeruginosa (1)

$% 1% R%

0 0 100
0 0 100
100 0 0
0 0 100
100 0 0
100 0 0
100 0 0
100 0 0
0 0 100
0 0 100
100 0 0

Enterobacter spp. (1)

S$% 1% R%
100 0 0
0 0 100
100 0 0
0 0 100
100 0 0
0 0 100
0 0 100
0 0 100
0 0 100
0 0 100
0 0 100





OEBPS/Images/logo.jpg
’ frontiers
in Cellular and Infection Microbiology





OEBPS/Images/table1.jpg
Characteristics

Value (n = 65) %

Age median (mean + SD)
Gender n (%)

Female

Male

Comorbidities no treatment for COVID-19*n (%)
Diabetes

Hypertension

Chronic Kidney disease

COPD

Heart disease

Chronic neurological disease
Any medical immunosuppression
Symptom duration before admission, n (%)
Fever

Cough/shortness of breath
Muscular or joint pain

Nausea and vomiting

Anorexia

Headache

Radiology no treatment for COVID-19
Ground-glass opacity (GGO)
Consolidation

Mix

COVID-19 treatment
Hydroxychloroquine

Oseltamivir

Kaletra

Outcomes

Mechanical ventilation

ICU length of stay (days)
Hospitalization duration
In-hospital mortality

Discharged

69.4 (21-95)

24 (36.9%)
41 (63.1%)

10 (15.3%)
3 (4.6%)
5 (7.7%)
5 (7.7%)

14 (21.5%)
4(6.1%)
3 (4.6%)

29 (44.6%)
58 (89.2%)
27 (41.5%)
8 (12.3%)
20 (30.7%)
5 (7.7%)

53 (81.5%)
8 (12.3%)
6 (9.2%)

25 (38.4%)
3 (4.6%)
2 (3%)

40 (61.5%)
17 (4-61)
22 (4-64)

54 (83.1%)

11 (16.9%)

*As defined by clinicians in admission records.





