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Background: The emerging severe acute respiratory syndrome coronavirus 2 (SARS-CoV- 
2) resulted in a worldwide devastating effect with a diagnostic challenge. Identifying risk 
factors of severity aids in assessment for the need of early hospitalization. We aimed to 
demonstrate, for the first time, the clinical, laboratory and radiological characteristics of 
coronavirus disease 2019 (COVID-19) patients, to identify the predictors of severity and to 
describe the antimicrobial resistance profile in patients from Upper Egypt.
Materials and Methods: Demographic characters, clinical presentations, laboratory, and 
radiological data were recorded and analyzed. Presence of other respiratory microorganisms 
and their sensitivity patterns were identified using the VITEK2 system. Resistance-associated 
genes were tested by PCR.
Results: The study included 260 COVID-19 patients. The majority were males (55.4%) 
aged between 51 and 70 years. Hypertension, diabetes, and ischemic heart disease were 
common comorbidities. Main clinical manifestations were fever (63.8%), cough (57.7%), 
dyspnea (40%) and fatigue (30%). According to severity, 51.5% were moderate, 25.4% mild 
and 23% severe/critical. Lymphopenia, elevated CRP, ferritin, and D-dimer occurred in all 
patients with significantly higher value in the severe group. Age >53 years and elevated 
ferritin ≥484 ng/mL were significant risk factors for severity. About 10.7% of the COVID-19 
patients showed bacterial and/or fungal infections. Klebsiella pneumoniae, Acinetobacter 
baumannii, and Staphylococcus aureus were the predominant isolated bacteria while 
Candida albicans and Candida glabrata were the predominant isolated fungi. All 
Staphylococci were methicillin-resistant and carried the mecA gene. Gram-negative isolates 
were multidrug-resistant and carried different resistance-associated genes, including NDM-1, 
KPC, TEM, CTX-M, and SHV.
Conclusion: Older age and elevated serum ferritin were significant risk factors for severe 
COVID-19. Bacterial co-infection and multidrug resistance among patients with COVID-19 
in Upper Egypt is common. Testing for presence of other co-infecting agents should be 
considered, and prompt treatment should be carried out according to the antimicrobial 
sensitivity reports.
Keywords: COVID-19, clinical characteristics, ESBL, KPC, NDM-1, risk factors, disease 
severity, Upper Egypt

Introduction
The novel coronavirus (COVID-19), causing acute respiratory illness, initially 
spread from China and resulted in a pandemic.1 The World Health Organization 
(WHO) declared COVID-19 as a public health emergency.2 To the date of writing 
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this study, there have been more than 25 million confirmed 
cases of COVID-19, including about 845.000 deaths, 
according to WHO reports.3 COVID-19 infection in 
Egypt showed a rapid increase in incidence over a short 
period of time (Figure 1).4 Coronavirus belongs to the 
family of Coronavirinae, the phylogenetic analysis of 
COVID-19 genome shows that the virus is closely related 
to the Bat-SL-CoV and without any divergence at the 
genomic level.5

It mainly infects the respiratory system and is trans-
mitted via respiratory droplets primarily through close 
contact. The virus could result in mild illness up to a 
critical care condition, which requires specialized treat-
ment at intensive care units.6–8 Recovery after 1 week 
was usually reported in patients with mild symptoms. 
Meanwhile, severe cases could develop progressive 
respiratory failure by the alveolar damage with rapid pro-
gression to acute respiratory distress syndrome (ARDS), 
which could lead to death.9

Clinical symptoms of COVID-19 resemble those of 
other viruses or bacteria, causing respiratory illnesses.10 

Therefore, the overlapping presentation makes the clinical 
diagnosis problematic, particularly during seasonal flu.11 

The diagnosis of COVID-19 using laboratory panels was 
recommended. These panels include complete blood count 
(CBC) and coagulation tests such as fibrinogen or 
D-dimer, prothrombin time or partial thromboplastin 
time.12 Other biochemical tests are recommended such as 
C-reactive protein (CRP), ferritin, liver, renal tests and 

cardiac troponin reflecting the development of viral sepsis, 
systemic inflammatory response syndrome (SIRS), and/or 
multiple organ failure.12

Although reverse transcription polymerase chain reac-
tion (RT-PCR) is considered the standard test to diagnose 
COVID-19, yet it may yield a false-negative result in some 
cases. The role of radiological imaging has been recog-
nized in most cases as a crucial step for the diagnosis of 
suspected COVID-19 cases. Computed tomography (CT) 
seems to be feasible, available, and rapid method with 
higher sensitivity when compared to RT-PCR.11,13 As 
there is no specific curative treatment for COVID-19 till 
now, the WHO guidelines recommend the management 
according to each patient’s condition with particular cau-
tion to pediatric patients, pregnancy, and patients with 
comorbidities.14

Cases of COVID-19 were announced in Egypt by the 
end of February 2020. Meanwhile, the number of cases 
increased to more than 98,000 cases by the end of August 
2020.4 The Egyptian government has made considerable 
efforts to contain the outbreak, and the fight against cor-
onavirus is still ongoing. The Egyptian government has 
put several strategies including social distance and home 
management to reduce the spread of the virus. Identifying 
risk factors of severe disease will aid in assessment for 
early hospitalization and reduce mortality.

Bacterial and fungal co-infection in hospitalized 
patients with COVID-19 is poorly understood and the 
differentiation between viral infection by COVID-19 and 
possible presence of secondary bacterial or fungal infec-
tion on clinical basis is challenging. In Wuhan, secondary 
bacterial infections were reported in 15% of COVID-19 
hospitalized patients, with higher prevalence in the non- 
survivor group compared to survivors (50% versus 
1%).15,16 During influenza viral pneumonitis epidemics 
and pandemics, increased secondary bacterial and fungal 
infections were reported,16–18 poor patient outcomes were 
noticed with S. pneumoniae, H. influenzae, S. aureus and 
Aspergillus spp.19 As the COVID-19 pandemic continues, 
a considerable increase in antimicrobial resistance is fore-
seen through the heavy use of antibiotics in COVID-19 
patients. Multidrug-resistant bacteria are leading to 
increased morbidity and mortality. Therefore, the need 
for antibiotic treatment should be promptly evaluated and 
discontinued when not appropriate.20

Nevertheless, there is a lack of studies conducted in 
Egypt to characterize the disease and predict its severity. 
Therefore, we aimed in this study to demonstrate the Figure 1 WHO report of the COVID-19 cases in Egypt.
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clinical, laboratory, radiological characteristics, and the 
predictors of severity of COVID-19 infection at the initial 
diagnosis of the disease. In addition, we aimed to evaluate 
the antibiotic resistance profile for co-infections associated 
with COVID-19 infection.

Materials and Methods
Study Population and Ethical Statement
This was a prospective study conducted on COVID-19 
patients admitted to Alrajhi Liver University hospital and 
Assiut University hospital as tertiary hospitals in the per-
iod between the 3rd of May and the 30th of June. 
Diagnosis of the cases was confirmed using RT-PCR for 
detection of the viral RNA (Cobas 6800 system-Roche), 
according to the WHO and Egyptian Ministry of Health 
and Population (MOH) definitions.14 Written informed 
consent was provided by adult participants or parent or 
legal guardian of patients under the age of 18 years. The 
study protocol was approved by the ethical committee of 
the Faculty of Medicine, Assiut University (IRB no 
17,300,381). It was conducted in accordance with the 
provisions of the Declaration of Helsinki. Informed written 
consent was obtained from each eligible patient who par-
ticipated in the study. The inclusion criteria included hos-
pitalized COVID-19 patients of different age groups 
including children (confirmed by RT-PCR test). Patients 
were divided according to disease severity into three 
groups: mild, moderate, severe and critical cases. 
Pregnant women were excluded from the study.

Demographic and Clinical Characteristics
Demographic characteristics, including sex, age, smoking 
status, underlying comorbidities, history of contact with a 
confirmed case were recorded. We also reported clinical 
features including; fever, headache, fatigue or myalgia, 
respiratory manifestations such as dry cough, expectora-
tion, sore throat, shortness of breath, rhinorrhea or chest 
pain, gastrointestinal symptoms, e.g., nausea, vomiting or 
diarrhea and assessment for eye congestion and signs of 
respiratory distress.

Classification of Patients
Patients were categorized according to the severity of the 
disease based on the Egyptian MOH protocol (version 1.4, 
30 May) into mild, moderate, severe or critical groups. 
Cases were considered mild if they were asymptomatic or 
symptomatic with leucopenia or lymphopenia and no 

evidence of pneumonia in the radiological image. 
Moderate cases were symptomatic with pneumonia on 
radiology and/or leucopenia or lymphopenia. Severe 
cases were presented with either; respiratory rate >30 
breaths/min; SpO2 ≤92% on room air, PaO2/FiO2 ratio 
<300 or CT was showing more than 50% lesion or pro-
gressive lesion within 24–48 hours. Critical cases were 
defined as cases who had respiratory rate >30 breaths/ 
min, SpO2 ≤92% on room air or PaO2/FiO2 ratio <300 
despite O2 therapy.

Laboratory Characteristics
Laboratory investigations included CBC (by Pentra 80 
Horiba blood counter), D-dimer (on sysmex 1500) and 
serum ferritin (by Advia centaur). In addition, CRP, 
serum urea, creatinine, liver enzymes (ALT and AST), 
troponin (Dimension RXL automated blood chemistry 
analyser), and oxygen saturation by blood gas analysis 
(Gym 3000).

Radiological Characteristics
Radiological features were described as regarding chest 
X-ray in the postero-anterior erect position and/or chest 
multislice CT (MSCT) in the supine position. Lesions 
were defined according to the radiological pattern, the 
affected side, and the involved lung lobes.

Microbiological Examination
Microbiological examination was only done for patients 
with suspected co-infection. Under proper infection con-
trol measures, sputum or endotracheal aspirates were col-
lected from COVID-19 patients throughout the course of 
illness. Blood samples were inoculated directly into BacT/ 
ALERT blood culture bottles (BioMérieux, Marcy l’Etoile, 
France) and monitored for bacterial growth. Samples were 
streaked out on Blood agar (Oxoid, CM0271) with 5% 
mammalian blood, initial identification of the bacterial 
isolates was done by Gram staining and growth character-
istic on Mannitolsalt agar (Oxoid, PO0151) and 
MacConkey agar (Oxoid, CM0007). Microorganisms and 
their antimicrobial sensitivity patterns were identified 
using the VITEK2 Microbiology automated system 
(BioMerieux’s). To distinguish between colonization and 
infection, 10 μL of the respiratory specimen were inocu-
lated on appropriate bacteriological media and incubated 
at 37◦C for 24–48 h. Then, the number of CFU per mL of 
the sample was determined. Presence of ≥105 CFU/mL in 
sputum or endotracheal aspirates indicated bacterial co- 
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infection based on the American Thoracic Society 
definitions.21,22

Detection of Antibiotic Resistance Genes 
by Monoplex PCR Technique
Bacterial DNA was extracted from the clinical isolates 
obtained from COVID-19 co-infected patients using 
QIAamp® DNA Mini Kit (QIAGEN GmbH, Hilden, 
Germany) in accordance with manufacturer’s instructions 
and stored at −20 °C. Monoplex PCR assay was performed 
in order to identify and amplify the following antimicrobial 
resistance genes (mecA, NDM-1, KPC, TEM, CTX-M, and 
SHV) obtained from multidrug-resistant isolated strains. 
Supplementary Table 1 summarizes the specific primers 
used for each resistance gene. In each run, non-template 
control was used as a negative control and the following 
standard control strains; MRSA (ATCC 43,300, mecA), K. 
pneumoniae ATCC strain BAA-2146 (NDM-1), Klebsiella 
pneumoniae ATCC BAA-1705 (KPC-TEM-SHV), E. coli 
CCUG62975 (CTX-M) were used as positive controls. 
Amplified products were visualized by electrophoresis in 
2% agarose gels stained with ethidium bromide.

Hospital Management and Complications
We also recorded care provided in the hospitals regarding 
the medical treatment, the received drugs, the requirement 
for oxygen therapy or mechanical ventilation, duration of 
hospitalization, and the patients’ mortality. Development 
of complications such as ARDS, sepsis, and disseminated 
intravascular coagulopathy (DIC) and renal failure were 
recorded.

Statistical Analysis
Statistical analyses were carried out using SPSS for 
Windows version 19 (SPSS, Chicago, IL, USA), and 
GraphPad Prism 8.4 (GraphPad, La Jolla, CA, USA). 
Categorical variables were expressed as a number and 
percentages and compared using chi-squared (χ2) or 
Fisher’s exact probability test. Continuous normally dis-
tributed measurements were presented as means ± stan-
dard deviations. Results of patient laboratory parameters 
were compared among clinical groups (mild, moderate, 
and severe groups) and statistically analyzed, and signifi-
cance of differences was determined on the ranks with a 
one-way analysis of variance (ANOVA) and Tukey’s mul-
tiple comparison tests. A p-value of <0.05 was considered 
statistically significant. To analyze the risk factors 

associated with severity, a univariate logistic regression 
model for all variables was carried out, and variables that 
achieved a p <0.05 were included in the multivariate 
logistic regression model. Continuous variables were 
dichotomized, according to the normal reference values. 
Odds ratios (OR) and 95% confidence intervals (CI) for 
the tested variables were calculated in univariate and mul-
tivariate logistic regression analysis. Using DeLong test, 
significant variables on the multivariate regression analysis 
were evaluated using receiver-operating-characteristic 
(ROC) curve analysis and is expressed as the area under 
the ROC curve and the estimated sensitivity and 
specificity.

Results
Demographic and Clinical Characteristics
Among the COVID-19 suspected cases, 260 patients were 
confirmed to have COVID-19 infection by RT-PCR. 
Demographic and clinical characteristics are shown in 
Table 1. The majority of the included cases were males 
(55.4%); the most common age range was between 51 and 
70 years (36.2%). Hypertension and diabetes mellitus were 
the most common reported comorbidities (29.2% and 
23.7%, respectively). More than half of the patients did 
not have a history of contact with confirmed cases (54%). 
Regrading the clinical manifestations, about two-thirds of 
the included patients (63.8%) presented with fever, more 
than half had a dry cough (57.7%), 40% had shortness of 
breath, and about one-third (30%) had fatigue. However, 
6.9% were asymptomatic contacts to positive cases. When 
categorizing the patients according to severity, it was 
shown that most cases were of moderate severity 51.5% 
(n=134), 25.4% were mild cases (n=66), and 23% were 
severe or critical cases (n=60).

Laboratory Characteristics
As demonstrated in Table 2, the mean lymphocytic count 
was at the lower limit of normal (1.5±0.85), but a signifi-
cantly lower percent of lymphocytes was observed in the 
severe group relative to moderate and mild groups. There 
was an elevation of the level of CRP, ferritin, and D-dimer 
in all patients. Their mean level was higher in the severe 
group with a statistical significance for CRP and ferritin. 
ALT and AST were significantly higher in the severe group 
compared to mild group (p=0.0038 and p<0.0001, respec-
tively). AST level also showed a significant difference 
among all groups. Serum creatinine was significantly 
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different among all groups, with the highest level in the 
severe group (2±1.3 mg/dL). Significantly low oxygen 
saturation was found in the moderate and severe groups 
compared to the mild group (p <0.0001).

Radiological Characteristics
As imaging in asymptomatic and mild cases with no risk 
factors for disease progression are not routinely indicated 
according to recent recommendations by the American 
College of Chest Physicians, not all cases in these cate-
gories had radiological data.23 However, chest x-ray in 

those who did not perform MSCT was normal. 
Meanwhile, patients in moderate and severe or critical 
groups usually develop MSCT abnormalities, as shown in 
Table 3. All patients in the severe group had CT examina-
tion except for 16 cases who were in a critical condition on 
admission and required immediate management without 
delay. The most frequent findings were scattered irregular 
peripheral patches of ground-glass opacities in 72.2% 
(n=140), followed by consolidation in 22.7% (n=44), 
then crazy paving in 17.5% (n=34), while the least pre-
sentations were tree in bud appearance in 5.2% (n=10) and 
mediastinal lymphadenopathy in 3% (n=6) (Figure 2A and 
B). CT lesions were bilateral in the majority of cases 
(70%). Pulmonary involvement was detected in two or 
more lung lobes in the majority of cases (n=114) followed 
by the affection of lower lung lobes alone (n=44), suggest-
ing that lower lobes were predominantly infected while the 
upper lobes were the least to be infected.

Hospital Management and Complications
Patients in the mild group were younger (mean 23.3± 18.9 
years) relative to the moderate group (46.6±14.9) and 
severe group (57.7± 16.2). As demonstrated in Table 4, a 
higher percentage of males were observed in moderate 
(56.7%) and severe groups (66.6%). Comorbidities and 
smoking were more in severe groups relative to moderate 
group (63.3%, 26.7%, respectively). All symptomatic 
patients received treatment in the form of either paraceta-
mol as antipyretic, cough suppressants, fluid therapy, mul-
tivitamins, e.g.: vitamin C or zinc, etc. According to the 
Egyptian protocol for management of COVID-19, patients 
could receive antivirals as azithromycin, or hydroxychlor-
oquine, while favipiravir was recently introduced in Egypt 
and was received by only 14 cases. Anticoagulants were 
used in 8.9% of moderate cases and in 13.3% of severe 
cases. Oxygen therapy was used in moderate and severe 
cases (1.5% and 86.7%, respectively). Mechanical ventila-
tion was required by 13.3% in the severe group. 
Complications such as ARDS occurred in 20% (n=12) of 
the severe and critical group. After the exclusion of 
patients with chronic kidney disease, acute renal injury 
was observed in moderate and severe groups (10.4% and 
6.7%, respectively); however, it was mild and transient in 
moderate cases. Both ARDS and renal injury complicated 
13.3% of the severe group.

The mortality rate in severe and critical cases was 
40%. The mean age of death was 62.8±14 years, the 
majority were complicated by ARDS (n=20); out of 

Table 1 Demographic and Clinical Characteristics of the 
Included Patients

Variables Frequency N=260 (%)

Sex
Males 144/260 (55.4)

Females 116/260 (44.6)

Age (years)
<1 4/260 (1.5)
1–18 26/260 (10)

19–30 48/260 (18.5)
31–50 72/260 (27.7)

51–70 94/260 (36.2)

>71 16/260 (6.15)

Smokers 44/260 (16.9)

Comorbidity
Hypertension 76/260 (29.2)

Diabetes mellitus 60/260 (23.7)
Ischemic heart disease 18/260 (6.9)

Chronic renal disease 8/260 (3.07)

Chronic liver disease 8/260 (3.07)
Chronic obstructive pulmonary disease 2/260 (0.77)

Parkinson 2/260 (0.77)

History of contact with a case 120/260 (46)

Clinical presentation
Fever 166/260 (63.8)

Dry cough 150/260 (57.7)

Shortness of breath 104/260 (40)
Fatigue 78/260 (30)

Headache 52/260 (20)

Sore throat 42/260 (16.2)
Diarrhea 40/260 (15.4)

Vomiting 40/260 (15.4)

Chest pain 24/260 (9.2)
Productive cough 22/260 (8.5)

Rhinorrhea 40/260 (7.7)

Eye congestion 8/260 (3.07)
Asymptomatic 18/260 (6.9)
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them, eight cases had both ARDS with renal injury. Six 
cases were complicated with co-infections. Longer dura-
tion of hospitalization was observed in the moderate 
group (7–33 days) relative to the other groups. Patients 
were discharged from the hospital after having two 
negative RT-PCR 48 hours apart after clinical and/or 
radiological improvement.

Microbiological Examination
Among the studied COVID-19 patients, 28/260 cases 
(10.7%) showed bacterial and/or fungal co-infections. Only 
respiratory samples showed bacterial growth while blood 
cultures were all negative. Total number of clinical isolates 
obtained was 42, of which 37 were bacteria and 5 were fungi. 
Gram-negative isolates were more predominant 30/42 
(71.4%) than Gram-positive bacteria. There were 5 (11.9%) 
Staphylococcus aureus, 2 (4.7%) Streptococcus pneumoniae, 
1 (2.3%) E. faecalis, 12 (28.5%) Klebsiella pneumoniae, 7 
(16.6%) Acinetobacter baumannii, 4 (9.5%) Escherichia 
coli, 4 (9.5%) Pseudomonas aeruginosa and 2 (4.7%) E. 
cloacae. In addition, five cases (11.9%) showed fungal infec-
tions, which were all mixed with bacteria. Isolated fungi 
belonged to Candida spp. and included three isolates of 
Candida albicans and two isolates of Candida glabrata. 
Candida albicans isolates were sensitive to amphotericin B, 
flucytosine, caspofungin and micafungin, but resistant to 
fluconazole and voriconazole. Interestingly, no co-infections 
were observed in patients of the mild group. Eight patients 
who had co-infections were moderate cases, while 20 were 
detected in severe COVID-19 patients. Presence of co-infec-
tion was linked to 6/24 (25%) of the cases of mortality. These 
cases were also associated with increased respiratory severity 
and complications.

According to the results of the antibiogram (Table 5), 
most isolated strains had a multidrug-resistant pattern. In 

Table 2 The Laboratory Data of the Included Patients According to the Groups of Severity

Variables Total Cases 
(n=260)

Mild Group 
(n=66)

Moderate 
Group (n=134)

Severe/Critical 
Group (n=60)

P value*

(Mean±SD) (Mean±SD) (Mean±SD) (Mean±SD) Mild vs 
Moderate

Mild vs 
Severe

Moderate 
vs Severe

HB level (g/dL) 13± 1.6 12.8±1.7 12.9±1.5 12.7±1.77 0.877 0.9938 0.8233

WBCs (×103/µL) 5.6±3.5 4.7±2.7 5.6±3.8 6.5±3.6 0.4706 0.1075 0.4539

Platelets (×103/µL) 286±84 285±80.1 287±86.1 286±850.1 0.9912 0.9989 0.9972
Lymphocytes percent 28±13 36.8±15.2 27±10.3 21.1±8.92 0.0003 <0.0001 0.059

Lymphocytes count 

(×103/µL)

1.5±0.85 1.8±1.1 1.4±0.7 1.4±0.79 0.061 0.2161 0.9564

CRP (mg/L) 42±34 16.7±20.6 43.5±34.4 61.9±29.6 0.0005 <0.0001 0.0225

Ferritin (ng/mL) 457.3±28.8 258.1±47.6 471.5±35.9 638.4±62.4 0.0035 <0.0001 0.034

D-dimer (mg/L) 0.84±0.81 0.7±1.2 0.8±0.62 1±0.73 0.8797 0.3127 0.4485
ALT (IU/L) 39±24 29±15.1 38.8±22.4 48.1±30.2 0.1207 0.0038 0.1592

AST (IU/L) 40±23 27±14 41±19 53±29 0.0112 <0.0001 0.0317

Urea (mg/dL) 35±40 25.5±10.1 28.5±14 39.2±20.3 0.6235 0.0014 0.0045
Creatinine (mg/dL) 1.4±1.07 0.8±0.59 1.4± 0.95 2±1.3 0.0131 <0.0001 0.0114

Troponin (ng/mL) 0.21±0.88 0.28±1.1 0.063±0.05 0.47±0 0.7544 0.9772 0.8972

SPO2 (%) 89± 8 96.2±0.655 94±1.91 80.3±8.3 0.2741 <0.0001 <0.0001

Note: *P value was determined between the different patient groups using one-way ANOVA and Tukey’s multiple comparison tests.

Table 3 Radiological Characteristics of Lung Lesions in the CT in 
Moderate and Severe Cases

Variables Moderate 
Cases n =134 
(%)

Severe/Critical 
Cases n= 60a 

(%)

Ground-glass appearance 112 (83.5) 28 (46.6)

Consolidation 26 (19.4) 18 (30)
Crazy paving 24 (17.9) 10 (16.6)

Tree in bud appearance 8 (5.9) 2 (3.3)

Mediastinal lymphadenopathy 6 (4.4) 0 (0)

Side affected in CT
Bilateral 98 (73.1) 38 (63.3)
Unilateral 36 (26.8) 6 (10)

Affected lobes in CT
Upper 4 (2.9) 0 (0)

Middle 14 (10.4) 2 (3.3)

Lower 38 (28.4) 6 (10)
Two or more 78 (58.2) 36 (60)

Note: aThere are 16 patients who could not perform CT examination.
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total, Gram-positive clinical isolates showed 100% resis-
tance to amoxicillin, gentamicin and piperacillin/tazobac-
tam and moderate resistance against amikacin (3/8) 37.5% 
and levofloxacin (6/8) 75%. On the other hand, all Gram- 

positive isolates were sensitive to vancomycin, linezolid 
and tigecycline. Regarding Gram-negative clinical iso-
lates, they were mostly ESBL and carbapenemase produ-
cers. One hundred percent resistance was observed against 
amoxicillin, amoxicillin–clavulanic acid, cefoxitin, ery-
thromycin, while variable resistance was observed against 
levofloxacin (20/29) 69%, ciprofloxacin (22/29) 75.9%, 
cefepime and meropenem (24/29) 82.8%, clindamycin 
(25/29) 86.3%, both imipenem and piperacillin/tazobactam 
(26/29) 89.7%. The highest sensitivity was observed for 
tigecycline (24/29) 82.7% and amikacin (23/29) 79.3%.

In addition, the isolated strains were evaluated for the 
presence of different antimicrobial resistance genes. All 
Staphylococcus aureus carried the mecA gene. On the 
other hand, NDM-1 was the most predominant gene (16/ 
29) 55.1% among the Gram-negative clinical isolates, 
followed by CTX-M (15/29) 51.7%, TEM (12/29) 
41.3%, KPC (10/29) 34.4% and SHV (2/29) 6.8%.

Risk Factors for Severity of COVID-19
The univariate regression analysis for predicting the severity of 
COVID-19 patients (Table 6) showed that age >53 years, 
diabetes mellitus, ischemic heart disease, CT involvement of 
two or more lung lobes, bilateral lung lesion, lymphopenia, 
elevated CRP, raised ferritin, increased liver enzymes (ALT 
and AST), urea, creatinine and presence of co-infection were 
significant risk factors for severe disease. CT involvement of 
two or more lung lobes had the highest odds ratio (OR: 7.342, 
95% CI: 2.519 to 26.89, p=0.0007) followed by bilateral lesion 
in CT (OR: 6.592, 95% CI: 2.082 to 29.31, p=0.0039), 
ischemic heart disease (OR: 4.800, 95% CI: 1.188 to 20.67, 
p=0.0266) and diabetes mellitus (OR: 3.734, 95% CI: 1.527 to 
9.175, p=0.0038).

Figure 2 Radiological examination of COVID-19 patient. (A) COVID-19 pneumonia in a 48-year-old female who complained of intermittent fever, shortness of breath and 
headache for 3 days before admission. Plain computed tomographic scan of the lung shows an area of ground-glass attenuation on one side (black arrow) and tree in bud 
appearance on the other side(white arrow). (B) COVID-19 pneumonia in a 57-year-old male who complained of, headache, vomiting, diarrhea for 5 days before admission. 
Plain computed tomographic scan of the lung that shows an area of crazy paving with interlobular septal thickening in both lower lobes (white arrows).

Table 4 Clinical Features, Treatment, Complications, Mortality, 
and Duration of Hospitalization Among the Groups of Patients 
According to Severity

Item Mild 
Group 
n=66 
(%)

Moderate 
Group 
n=134 (%)

Severe/ 
Critical 
Group 
n= 60 
(%)

Sex

Male 28 (42.4) 76 (56.7) 40 (66.6)
Female 38 (57.5) 58 (43.2) 20 (33.3)

Comorbidities 8 (12.1) 58 (43.3) 38 (63.3)
Smoking 4 (6) 24 (17.9) 16 (26.7)

Symptomatic therapy 54 (81.8) 134 (100) 60 (100)

Azithromycin therapy 36 (54.5) 98 (73.1) 40 (66.6)
Hydroxychloroquine 12 (18.2) 24 (17.9) 10 (16.6)

Favipiravir 8 (12.1) 6 (4.5) 0

Anticoagulants 0 12 (8.9) 8 (13.3)
O2 therapy 0 2 (1.5) 52 (86.7)

Mechanical ventilation 0 0 8 (13.3)

Complications
ARDS 0 0 12 (20)

Acute renal injury 0 14 (10.4) 4 (6.7)
ARDS and renal injury 0 0 8 (13.3)

Bacterial/fungal co-infection 0 8 (6) 20 (33.3)

Deaths 0 0 24 (40)

Range of duration of 
hospitalization

5–29 

days

7–33 days 1–10 days
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On multivariate regression analysis, only age >53 years 
and elevated ferritin were significant risk factors for severe 
COVID-19 (OR: 1.074 and 1.004, respectively). The ROC 
curve analysis of ferritin level discriminates severe 
COVID-19 patients from mild or moderate severity 
showed the sensitivity, specificity, and cut-off point were 
(64.3%, 60% and ≥484 ng/mL) for severe COVID-19 
(Figure 3).

Discussion
The spread of COVID-19 infection caused a major devas-
tating effect worldwide by its rapid transmission and high 
rate of infection. Similarly, COVID-19 infection in Egypt 

showed a rapid increase in incidence over a short period of 
time (Figure 1).4

Knowledge of the different characteristics of 
COVID-19 infection would help in the management 
of infected patients. However, the diagnosis of 
COVID-19 infection may be challenging due to the 
diversity of clinical picture and radiological findings 
in the suspected cases. In this report, we studied the 
clinical, radiological, laboratory characteristics, and 
risk factors for severe COVID-19 infection in Egypt. 
To the best of our knowledge, this is the first study on 
the risk factors of severity of COVID-19 infection in 
Upper Egypt.

Table 5 Antimicrobial Resistance Pattern and Genes Profiling in COVID-19 Co-Infections

Antibiotics Frequency of Resistant Isolates, n (%)

S. aureus 
(n=5)

S. 
pneumoniae 
(n=2)

E. faecalis 
(n=1)

K. 
pneumoniae 
(n=12)

A. 
baumannii 
(n=7)

P. 
aeruginosa 
(n=4)

E. coli 
(n=4)

E. cloacae 
(n=2)

Amoxicillin 5 (100) 2 (100) 1 (100) 12 (100) 7 (100) 4 (100) 4 (100) 2 (100)

Amoxicillin/clavulanic 

acid

5 (100) 2 (100) 0 12 (100) 7 (100) 4 (100) 4 (100) 2 (100)

Cefoxitin 5 (100) 2 (100) 0 12 (100) 7 (100) 4 (100) 4 (100) 2 (100)

Gentamicin 5 (100) 2 (100) 1 (100) 6 (50) 5 (71.4) 2 (50) 2 (50) 0

Erythromycin 5 (100) 2 (100) 0 12 (100) 7 (100) 4 (100) 4 (100) 2 (100)
Amikacin 2 (40) 1 (50) 0 2 (16.6) 3 (42.8) 1 (25) 0 0

Clindamycin 5 (100) 2 (100) 0 12 (100) 6 (85.7) 4 (100) 1 (25) 2 (100)

Piperacillin 
+Tazobactam

5 (100) 2 (100) 1 (100) 12 (100) 7 (100) 4 (100) 1 (25) 0

Ciprofloxacin 5 (100) 1 (50) 0 12 (100) 2 (28.5) 4 (100) 4 (100) 0

Levofloxacin 5 (100) 1 (50) 0 12 (100) 2 (28.5) 4 (100) 2 (50) 0
Vancomycin 0 0 0 ND ND ND ND ND

Linezolid 0 0 0 ND ND ND ND ND

Tigecycline 0 0 0 0 1 (14.2) 4 (100) 0 0
Trimethoprime/ 

Sulphamethoxazole

1 (20) 2 (100) 0 12 (100) 7 (100) 4 (100) 4 (100) 0

Cefotaxime 3 (60) 1 (50) 0 12 (100) 7 (100) 4 (100) 4 (100) 1 (50)
Ceftriaxone 3 (60) 1 (50) 1 (100) 12 (100) 7 (100) 4 (100) 4 (100) 1 (50)

Ceftazidime 3 (60) 1 (50) 1 (100) 12 (100) 7 (100) 4 (100) 4 (100) 1 (50)

Cefepime 3 (60) 1 (50) 0 12 (100) 7 (100) 4 (100) 0 1 (50)
Meropenem ND ND 1 (100) 10 (83.3) 3 (42.8) 4 (100) 2 (50) 1 (50)

Imipenem ND ND 1 (100) 12 (100) 5 (71.4) 4 (100) 4 (100) 1 (50)

Resistance-associated genes

mecA 5 (100) ND ND ND ND ND ND ND

NDM-1 ND ND ND 0 7 (100) 4 (100) 4 (100) 1 (50)

KPC ND ND ND 10 (83.3) 0 0 0 0
TEM ND ND ND 4 (33.3) 4 (57.1) 0 4 (100) 0

CTX-M ND ND ND 6 (50) 3 (42.8) 4 (100) 0 2 (100)

SHV ND ND ND 2 (16.6) 0 0 0 0

Abbreviation: ND, not determined.
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In the current study, males were more frequently 
infected than females, which keeps in line with a 
recent meta-analysis.24–26 Females often have lower 
susceptibility to viral infections because they develop 
stronger immune responses than males, which could be 
attributed to sex hormones that play an essential role in 
innate and adaptive immunity.27

In this study, hypertension, diabetes mellitus, and 
ischemic heart disease were the most common reported 
comorbidities. Similarly, previous reports showed that hyper-
tension was the most common comorbidity in the recruited 
patients, followed by diabetes mellitus.24,28 In a parallel line 
to the previous reports, we found that fever, dry cough, short-
ness of breath, and fatigue were the most common presenting 
symptoms, while sore throat, eye congestion, rhinorrhea, and 
diarrhea were less predominant.25,29 Asymptomatic patients 
were 6.9%, similar to a meta-analysis that reported a 5.6% 
proportion were asymptomatic COVID-19.30

Regarding COVID-19 severity, a Chinese study 
reported that the majority of patients were of mild severity 

(59.79%), 21.13%were moderate, 12.89% were severe, 
and 6.19% were critically ill.31 On the other side, another 
study showed that the majority had severe disease 
(47.5%), while37.8% had a moderate type, 14.2% were 
in critical conditions, and 0.5% had mild infection.32 

Meanwhile, in our study, moderate severity of COVID- 
19 was observed in the majority of patients, which is 
consistent with a meta-analysis that reported 25.6% of 
patients presented with severe illness.30 These changes in 
the proportion of disease severity among studies could be 
attributed to different criteria used for the classification or 
the time of presentation of the patients to the hospital, 
patient criteria and geographical distribution. Late hospi-
talization of patients increases the probability of having a 
severe or critical stage on admission, while early medical 
evaluation reduces the severity.

The most frequently reported laboratory abnormalities 
were lymphopenia, elevated CRP, serum ferritin, and 
D-dimers in all patients. However, all these laboratory 
markers are very non-specific, causing limited clinical 

Table 6 Logistic Regression Analysis Evaluating Risk Factors for Severity of COVID-19 in the Studied Patients

Variables Univariate Logistic Regression Multivariate Logistic Regression

Odds Ratio 
(OR)

95% Confidence Interval 
(95% CI)

P 
value

Odds Ratio 
(OR)

95% Confidence Interval 
(95% CI)

P 
value

Increased age (>53 years) 1.063 1.034 to 1.098 <0.0001 1.074 1.010 to 1.157 0.0371
Diabetes 3.734 1.527 to 9.175 0.0038 1.513 0.1922 to 14.98 0.7017

Ischemic heart disease 4.800 1.188 to 20.67 0.0266 2.522 0.2255 to 34.79 0.4603

Bilateral lesion in CT 6.592 2.082 to 29.31 0.0039 1.259 0.07965 to 23.52 0.8687
Two or more affected 

lobes in CT

7.342 2.519 to 26.89 0.0007 12.60 1.174 to 303.8 0.0664

Decrease Lymphocytes 0.9309 0.8891 to 0.9689 0.001 0.9685 0.8890 to 1.049 0.4367
Increased CRP 1.026 1.011 to 1.044 0.002 0.9939 0.9601 to 1.021 0.6735

Increased ferritin 1.003 1.001 to 1.004 0.001 1.004 1.001 to 1.008 0.0068

Increased ALT 1.020 1.004 to 1.038 0.016 0.9869 0.9443 to 1.026 0.5268
Increased AST 1.030 1.012 to 1.051 0.0018 1.018 0.9620 to 1.083 0.5532

Increased urea 1.049 1.020 to 1.085 0.0025 1.034 0.9669 to 1.131 0.3910

Increased creatinine 1.924 1.339 to 2.854 0.0006 0.6119 0.2006 to 1.664 0.3522
Male 1.846 0.8001 to 4.484 0.1596 – – –

Smoking 2.234 0.8050 to 5.923 0.1104 – – –

Hypertension 1.973 0.8233 to 4.650 0.1212 – – –
Hb level 0.9759 0.7572 to 1.265 0.8513 – – –

WBCs 1.091 0.9783 to 1.224 0.1179 – – –

Platelets 0.9999 0.9949 to 1.005 0.9744 – – –
Increased D-dimer 1.381 0.8568 to 2.308 0.1786 – – –

Increased troponin 1.254 0.01111 to 3.599 0.7620 – – –

Co-infection 12 3.631 to 47.40 0.0001 – – –

Note: Reference values: Lymphocytes count (1.5–4×103/µL), CRP (up to 6 mg/L), ferritin (10–290 ng/mL), ALT (0–35 IU/L), AST (0–35 IU/L), urea (15–45 mg/dL), creatinine 
(0.7–1.4 mg/dL), D-dimer (up to 0.55 mg/L) and troponin (up to 0.05 ng/mL). 
Abbreviations: CRP, C-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; Hb, hemoglobin; WBCs, while blood cell count.
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utility, and they are not indistinguishable from patients 
with other coronavirus infections, such as severe acute 
respiratory syndrome (SARS) and Middle-East respiratory 
syndrome (MERS).33,34 The predominance of lymphope-
nia in COVID-19 suggests that the virus might act on 
lymphocytes, particularly T lymphocytes, inducing a 
reduction of CD4.35

In the current study, we observed higher frequency of 
comorbidities, marked abnormalities in laboratory or radi-
ological findings and complications were higher in patients 
with severe or critical disease compared to patients with-
out severe illness. This is in concordance with other 
studies.30 Negative correlation was reported between lym-
phocytes count and the severity of the disease combined 
with increased ferritin and D-dimer in severe and extre-
mely severe patients.36

In this study, the predominance of bilateral peripheral 
multilobar ground-glass opacities was consistent with a 
systematic review that reported the characteristic CT pat-
terns in COVID-19 infection. It showed that ground-glass 
opacification occurs in 88%, consolidation in 32%, bilat-
eral involvement in 87.5% with peripheral distribution in 
76.0%, and multilobar involvement in 78.8%.37 Possible 
findings such as CT halo sign, pleural effusion, cavitation, 
lymphadenopathy, and pneumothorax were uncommon but 
can be seen with the disease progression.38,39 Patients of 
moderate severity in this study showed that CT findings 

were suggestive of the disease progression. This could be 
explained by Jin et al study that showed five temporal 
stages of the CT changes; ultra-early, early, rapid progres-
sion, consolidation, and dissipation stages. These stages 
depend on the duration of illness.40 Similarly, Pan et al41 

on an assessment of follow-up CT within 3–14 days after 
an initial CT examination found that >85% of the cases 
showed radiological signs associated with disease progres-
sions such as an increase in ground-glass appearance, 
consolidative opacities, and interstitial septal thickening.41 

Moreover, in patients who have typical clinical manifesta-
tions but false-negative RT-PCR, chest CT will be valuable 
in assessment showing the characteristic features of the 
disease.42 The correlation between CT findings and the 
disease severity and mortality can be concluded from 
several studies. In severely ill patients, the most common 
CT imaging was bilateral, multilobar involvement, and 
subsegmental consolidation.37

Microbial co-infection notably increases the risk of dis-
ease severity and mortality among humans.43,44 In the pre-
sent study, most co-infections occurred within 1–7 days of 
COVID-19 disease onset and these microorganisms showed 
MDR phenotype. Among large pandemics of the viral 
respiratory infections, the role of co-infection is 
understudied.44 Our results showed that co-infections 
could affect COVID-19 disease progression and mortality. 
The most frequently detected pathogens in COVID-19 
patients were Klebsiella pneumoniae (28.5%) followed by 
Acinetobacter baumannii (16.6%), Staphylococcus aureus 
(MRSA) (11.9%), Escherichia coli and Pseudomonas aer-
uginosa were (9.5%), Candida albicans (7.1%). Lansbury, 
Lim45 reported a different co-pathogen profile, as the most 
common bacteria were Mycoplasma pneumoniae (42%) 
followed by Pseudomonas aeruginosa (12%) and 
Haemophilus influenzae (12%), while fungi were 
Aspergillus flavus (two cases), Aspergillus fumigatus and 
Candida glabrata (one case). Many viral respiratory patho-
gens are associated with other bacterial co-infections. 
Importantly, viral agents can reduce the mucociliary clear-
ance of bacteria from the lungs.46 Therefore, different 
investigators have described the bacterial/fungal co-infec-
tion in patients with COVID-19. However, the burden of 
co-infections in COVID-19 patients varies significantly 
between studies.8,45,47–49 The discrepancy in results could 
be attributed to many reasons. It seems that the geographi-
cal location, the presence of antimicrobial policy, appropri-
ate stewardship interventions, robust surveillance for 
healthcare-associated infections and antimicrobial resistance 

Figure 3 ROC curve analysis using ferritin level for discriminating severe COVID- 
19 from non-severe cases. The AUC was 0.9233. The sensitivity, specificity, and cut- 
off point were (64.3%, 60% and > 484 ng/mL) for severe COVID-19.

Ramadan et al                                                                                                                                                        Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                     

Infection and Drug Resistance 2020:13 3418

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


have a great impact on the presence of bacterial/fungal co- 
infection in patients with coronavirus infection.45 Of parti-
cular importance, is the application of strict infection con-
trol measures since most of the detected pathogens are 
important causes of nosocomial infections within the hospi-
tal environment.50–53

We noticed the predominance of Gram-negative co- 
infections in COVID-19 patients, which may be attribu-
ted to the administration of azithromycin in the regimen 
of COVID-19 therapy that acts primarily against Gram- 
positive bacteria.54 Besides, in line with our results, a 
study performed at Assiut University Hospitals identified 
Gram-negative bacteria (Klebsiella pneumoniae and H. 
influenzae) as the main bacteria isolated from hospita-
lized patients with chronic obstructive pulmonary 
disease.55 In addition, an outbreak caused by 
Acinetobacter baumanii was recorded in Assiut 
University Hospitals.56,57 This was also comparable to 
observations of Lin, Kuo58 who reported Klebsiella pneu-
moniae and P. aeruginosa, followed by A. baumannii as 
the most common agents. Prevalence of Gram-negative 
resistant bacteria has increased because only few new 
antibiotic agents attacking this group of pathogens have 
been produced successfully.59

Antimicrobial resistance is a growing crisis that affects 
the global health and demands urgent action. Notably, 
most isolated strains in our study had a multidrug-resistant 
pattern. Among the isolated Gram-positive strains, all 
Staphylococcus aureus were MRSA and 100% carried 
mecA gene. Methicillin resistance in a growing problem 
in coagulates positive and negative staphylococci.60,61 

Interestingly, about half of Staphylococci aureus isolated 
from ambulance vehicles were MRSA.52 A recent study 
from our university hospital also reported that all staphy-
lococci isolated from patients with nosocomial pneumonia 
were methicillin resistant.62 Regarding Gram-negative 
clinical isolates, mostly they were ESBL and/or carbape-
nemase producers. The highest sensitivity was observed 
for tigecycline and Amikacin. NDM1 was the predominant 
detected gene followed by CTX-M, TEM, KPC and SHV. 
Coexistence of several resistance genes was markedly 
observed in the Gram-negative isolates which is in con-
sistent with observations of Lincopan and McCulloch,63 

who detected the coexistence of MBL IMP-1 and ESBL 
CTX-M in Klebsiella pneumoniae. The production of 
these enzymes (ESBL and MBL) together allows bacteria 
to resist all antibiotics, including carbapenems, and is the 
main cause for treatment failure.63 Therefore, for COVID- 

19 cases who show co-infections with other respiratory 
pathogens, prompt administration of antibiotics according 
to the antimicrobial sensitivity reports as well as strict 
application of infection control strategies are essential to 
reduce severity, complications, mortality and nosocomial 
spread achieved by these superbugs.64–66

Analysis of risk factors of severe COVID-19 showed 
that age >53 years, and high level of ferritin were sig-
nificant risk factors for severe disease. In one study, 
predictors of severity were age ≥65 years, hypertension, 
and D-dimer >1 mg/L were significantly associated with 
severe cases.67

In this study, a ferritin level ≥484 ng/mL was a sig-
nificant risk factor for severe disease. A recent meta-ana-
lysis showed a ferritin level 408.3 ng/mL could be used to 
differentiate between severe and non-severe cases, indicat-
ing the development of a SIRS in patients with severe 
illness. The severe disease in this study was defined as 
patients with ARDS, need mechanical ventilation, need 
vital life support, or need intensive care management.68 

However, in this study analysis of the cutoff level of 
ferritin showed low sensitivity and low accuracy. 
Therefore, further studies on variable risk factors and 
laboratory parameters in severe illness should be con-
ducted, considering differences in the methodology used 
to define the severe disease.

One of the limitations of our study is the diversity of 
the pattern of bacterial profile and drug resistance, 
which could be attributed to geographical difference of 
the patients referred to the hospital from various regions 
of Upper Egypt. Another limitation is the lack of ana-
lysis of other respiratory viruses including influenza 
viruses.

The Egyptian MOH guideline, by the end of May, 
recommended that mild and some moderate cases will 
be managed by home isolation. We are providing an 
overview of the disease in Egypt and the risk factors 
of the severe disease so that cases managed at home will 
be alerted if they have any of these factors for early 
hospitalization.

Conclusions
Older age and elevated serum ferritin were significant risk 
factors for severe COVID-19. Bacterial co-infection and 
multidrug resistance among patients with COVID-19 in 
Upper Egypt is common. Our results highlighted the 
importance of prompt administration of antibiotics accord-
ing to the antimicrobial sensitivity reports.
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