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Nephrology

IntroductIon

The first pneumonia case of unknown origin was found in 
December 2019 in Wuhan city, Hubei province, China [1]. 
The pathogen was discovered as a novel coronavirus, which 
has since been renamed severe acute respiratory syndrome 
coronavirus, and the condition has been dubbed coronavirus 

Abstract

Background
With a diagnostic problem, the emerging severe acute respiratory syndrome coronavirus 2 caused a devastating global consequence. We were 
identifying severity/mortality risk variables that assist in determining the need for early admission. As a result, we sought to establish for the 
first time the clinical, biochemical, and radiological characteristics of coronavirus disease 2019 (COVID‑19) in Egyptian hemodialysis patients 
and to identify the risk factors for mortality.

Patients and methods
In this observational multicenter retrospective cohort study in Egypt, the data of 377 confirmed COVID‑19 patients on regular hemodialysis 
were collected from hospitals affiliated to the general organization of teaching hospitals and institutes through the period of June 6 to July 25, 
2020. The diagnosis of COVID‑19 was based on radiological findings specific for COVID‑19 and a positive reverse‑transcriptase reaction‑PCR.

Results
Mortality rate was 15.6%. Age group more than 55–75 was statistically significantly higher among patients who died. Multivariate analysis 
showed that many factors were considered predictors for mortality among maintenance hemodialysis patients, including age group more 
than 55–75 years [odds ratio (OR)=2.4, 95% confidence interval (CI) 1.1–5.8], receiving immunosuppressive drugs (OR = 2.4, 95% CI 
1.1–5.8), fatigue (OR = 4, 95% CI 1.1–13.6), presence of other manifestations (OR = 44.5, 95% CI 1.1–1938), the need for mechanical 
ventilation (OR = 130.8, 95% CI 8.5–2014), oxygen saturation (OR = 0.93, 95% CI 0.91–0.95), mild anemia (OR = 5.3, 95% CI 2.2–12.7), 
moderate anemia (OR = 3.7, 95% CI 1.5–9.2), and severe anemia (OR = 5.1, 95% CI 1.5–16.5). While fever (OR = 0.26, 95% CI 0.08–0.79), 
and myalgia (OR = 0.06, 95% CI 0.005–0.7), were found to be negatively associated with mortality.

Conclusions
In the present study, we demonstrated that the mortality rate was 15.6% among COVID‑19 maintenance hemodialysis patients, and many factors are 
associated with this, including age group more than 55–75, receiving immunosuppressive drugs, fatigue, presence of other manifestations of COVID‑19, the 
need for mechanical ventilation, decreased oxygen saturation, and anemia. While fever and myalgia were found to be negatively associated with mortality.
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disease 2019 (COVID‑19). [2]. COVID‑19 has been labeled 
a pandemic by the WHO due to its rapid spread [3]. As of 
April 28, 2020, 184 nations had reported a total of 3 090 844 
confirmed cases [4]. COVID‑19 infections have been 
reported in both asymptomatic and presymptomatic patients 
(who are not yet symptomatic) [5–10].

The clinical spectrum of patients with COVID‑19 infection 
in China’s largest cohort ranged from mild to dangerously 
unwell [11]. Age was identified as a significant risk factor for 
severe disease, with the highest fatality rates occurring in those 
aged 80 years and older [11–13]. Additionally, preliminary data 
from the United States indicated that adverse outcomes were 
more common in individuals 85 years of age and older, but 
it was recognized that severe infections could occur in adults 
of any age group [14,15]. Additionally, comorbid conditions, 
such as hypertension, diabetes, chronic lung, and renal 
disease, were associated with severe infections and adverse 
outcomes [16–18]. NSAIDs, angiotensin‑converting enzyme 
inhibitors, or angiotensin‑receptor blockers have all been 
suggested to exacerbate infection severity [19]. However, there 
is currently no evidence linking these medications to adverse 
outcomes. Determining risk factors for COVID‑19 infection 
severity would allow for the identification of patients at high 
risk who would benefit from close monitoring, aggressive 
supportive care, and early intervention.

The virus’s effect on patients with chronic kidney disease is 
unknown [20–22]. Given their advanced age and comorbidity, 
mortality in these patients may be higher than in the general 
population, particularly in those on dialysis. There is sufficient 
high‑quality data on the preventive and isolation measures 
that must be implemented in hemodialysis units to prevent 
the virus’s spread [20–22]. However, we still do not know the 
disease’s specific characteristics in this population. To date, 
only isolated observations or a small case series have been 
reported regarding prevalence and mortality rates [23–27].

The purpose of this study was to determine the discriminative 
ability of demographic, hematological, and biochemical 
biomarkers in dialysis patients with and without severe or fatal 
forms of COVID‑19.

PatIents and methods

The ethical committee approved the study protocol of general 
organization of teaching hospitals and institutes (HAM00124).

Study design and population
The present study was an observational multicenter 
retrospective cohort. Data were collected from five contributed 
hemodialysis centers in Egypt study, which recruited 377 
confirmed COVID‑19 patients on regular hemodialysis who 
underwent hemodialysis sessions at the period between June 
6 and July 25, 2020.

Data collection and operational definitions
The cases were diagnosed using reverse‑transcription (RT)‑PCR 
to detect viral RNA in accordance with WHO and Egyptian 

Ministry of Health and Population definitions [28]. Each patient 
who met the study’s eligibility criteria provided written informed 
consent. Patients on maintenance hemodialysis (MHD) 
with COVID‑19 met the inclusion criteria (confirmed by 
RT‑PCR test). Patients were divided into groups based on 
their mortality to determine the risk factors for death in each 
group. Patients with confirmed COVID‑19 infection who were 
receiving regular hemodialysis were included in the study. 
We recorded demographic characteristics, such as sex, age, 
underlying comorbidities, and contact history with a confirmed 
case. Additionally, we described clinical manifestations, 
such as fever, headache, fatigue, or myalgia, respiratory 
manifestations, such as dry cough, expectoration, sore throat, 
and shortness of breath, gastrointestinal symptoms such as 
vomiting or diarrhea, and signs of respiratory distress. The 
following laboratory tests were performed: complete blood 
count, albumin, D‑dimer, lactate dehydrogenase (LDH), serum 
ferritin, C‑reactive protein (CRP), serum urea, and creatinine, 
as well as grades of anemia [29].

Statistical analysis
STATA for Windows, version 17 was used to conduct the 
statistical analyses (StataCorp. 2021. Stata Statistical Software: 
Release 17. College Station, TX: StataCorp LLC). Categorical 
variables were expressed as numbers and percentages, and their 
values were compared using the χ2 or Fisher’s exact probability 
test. Means and SDs were used to represent continuous normally 
distributed measurements. Patient laboratory parameters were 
compared between clinical groups (survivors and nonsurvivors) 
and statistically analyzed, with one‑way analysis of variance, 
and Tukey’s multiple‑comparison tests used to determine the 
significance of differences on the ranks. Statistical significance 
was defined as a P value of 0.05. To analyze the risk factors 
associated with mortality, a univariate logistic regression 
model was used for all variables, and variables with a P value 
of 0.05 were included in multivariate logistic regression 
models. Continuous variables were divided into two categories 
based on their normal reference values. In univariate and 
multivariate logistic regression analysis, odds ratios (OR) and 
95% confidence intervals (CI) for the tested variables were 
calculated. Significant variables in the multivariate regression 
analysis were evaluated using the DeLong test, which is 
expressed as the area under the receiver‑operating characteristic 
curve and the estimated sensitivity and specificity.

results

Demographic results
The majority of included cases were males [198 (52.5%)], 
with a mean age of 57.39 ± 13 years, and mean BMI of 
28.94 ± 6.3, mean dialysis duration of 4.16 ± 4.2 years, and 
mean interdialytic weight gain were 1.67 ± 1.2 kg. The age 
group more than 55–75 was statistically significantly higher 
among patients who died.

Comorbidities
Hypertension 45%, diabetes mellitus 28.3%, cardiac disease 15%, 
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and liver disease 12.73% were the most common comorbidities 
recorded among this group of patients. Patients who died were 
statistically significantly higher than the survivors’ group 
regarding pregnancy (3.77 vs. 11.86%), malignancy (5.35 vs. 
11.86%), previous renal transplantation (4.09 vs. 11.86%), 
receiving chemotherapy (4.4 vs. 11.86%), receiving 
immunosuppressive drugs (3.77 vs. 14.25%), and the presence 
of more than five comorbidities (3.77 vs. 11.86%).

Coronavirus disease 2019 symptoms
The clinical presentations were fever 84.4%, dyspnea 46.9%, 
cough 46.7%, fatigue 34%, myalgia 18.8%, sore throat 17.8%, 
abdominal pain 13%, diarrhea 12.5%, disturbed conscious 
level (DCL) 10.6%, skin eruption 10.3%, arterio‑venous 
fistula (AVF) closure 10%, and thrombosis 9.7%. The presence 
of complications during hemodialysis‑session (3.46 vs. 
15.25%) and dialysis‑session duration less than 4 h (0.54 vs. 
42.4%) was found to be statistically significantly higher in 
the nonsurvivors’ group. Fever was found to be less prevalent 
among nonsurvivors (89.31 vs. 57.63%).

Laboratory investigations
The most frequently reported laboratory abnormalities were 
anemia hemoglobin (Hb) 9.7 ± 1.8, hematocrit 28.3 ± 6.2, 
elevated serum ferritin 823 ± 734, elevated CRP 584.9 ± 1295.7, 
decreased oxygen saturation 94.88 ± 5.6, elevated D‑dimer 
2200 ± 2133, and elevated LDH 328.8 ± 143.3. About 22.6% 
of patients had mild anemia, 27.59% moderate anemia, and 
7.96% with severe anemia. Patients who died had a statistically 
significant higher level of CRP (305 ± 15.7 vs. 998 ± 18), 
D‑dimer (118 ± 1687 vs. 4442 ± 897), and LDH (848 ± 148 vs. 
278 ± 91), higher prevalence of different grades of anemia, 
mild (20.44 vs. 33.9%), moderate (26.73 vs. 32.2%), and 
severe (7.23 vs. 11.86%) than survivors’ group.

Isolation and outcome
About 65.3% of the patients had mild disease manifestations, 
23.9% with moderate disease manifestations, while 10.9% 
were critically ill and needed ICU isolation. About 5.3% of 
the patients needed mechanical ventilation. The mortality 
rate was 15.6%. Patients who died had a statistically 
significant higher prevalence of moderate manifestations 
(22.64 vs. 30.51%), severe manifestations with the need for 
ICU admission (8.49 vs. 33.77%), and the need for mechanical 
ventilation (0.63 vs. 30.51%) than survivors’ group.

Univariate logistic regression
Our analysis demonstrated a significant association 
between many variables and COVID‑19 mortality among 
MHD patients. In terms of demographic variables, age 
more than 55–75 was significantly associated with 
mortality (OR = 3.7, 95% CI 0.037–0.72). In terms of 
comorbidities, patients with pregnancy (OR = 3.4, 95% 
CI 1.3–9.2), previous renal transplantation (OR = 3.2, 
95% CI 1.2–8.3), chemotherapy (OR = 2.9, 95% CI 
1.1–7.6), receiving immunosuppressive drugs (OR = 4.6, 
95% CI 1.8–11.5), and the presence of more than five 
comorbidities (OR = 3.5, 95% CI 1.3–9.21.3–9.2), were 

associated significantly with higher risk of death. Regarding 
COVID‑19 presentation, mortality was significantly 
associated with the presence of other symptoms (OR = 5, 
95% CI 1.9–12.7), ICU admission (OR = 3.4, 95% CI 
1.6–6.8), need for mechanical ventilation (OR = 69.3, 95% 
CI 15.5–309.8), and decreased oxygen saturation (OR = 1.2, 
95% CI 10.90–0.94), which were associated significantly with 
higher risk of death. Also, mild anemia (OR = 3.4, 95% CI 
1.6–7.3), moderate anemia (OR = 2.5, 95% CI 1.2–5.3), and 
severe anemia (OR = 3.4, 95% CI 1.2–9.4) were associated 
significantly with higher risk of death. Regarding fever, 
it was negatively significantly associated with the risk of 
death (OR = 0.2, 95% CI 0.08–0.3).

Multivariate analysis
Multivariate analysis was performed based on three models: 
model 1 adjusted to demographic variables showed that age 
group more than 55–75 years (OR = 2.4, 95% CI 1.1–5.8) was 
an independent predictor of COVID‑19 mortality among the 
hemodialysis group. Model 2 adjusted to comorbidity variables 
showed that receiving immunosuppressive drugs (OR = 2.4, 
95% CI 1.1–5.8), fatigue (OR = 4, 95% CI 1.1–13.6), presence 
of other manifestations (OR = 44.5, 95% CI 1.1–1938), 
the need for mechanical ventilation (OR = 130.8, 95% CI 
8.5–2014), and oxygen saturation (OR = 0.93, 95% CI 
0.91–0.95), can be considered as an independent predictor 
of COVID‑19 mortality, while fever (OR = 0.26, 95% CI 
0.08–0.79), and myalgia (OR = 0.06, 95% CI 0.005–0.7), 
were negatively associated with mortality. Model 3 adjusted 
to investigations shows that mild anemia (OR = 5.3, 95% CI 
2.2–12.7), moderate anemia (OR = 3.7, 95% CI 1.5–9.2), 
and severe anemia (OR = 5.1, 95% CI 1.5–16.5) could 
be  associated significantly with higher risk of death among 
hemodialysis population (Tables 1‑3).

dIscussIon

COVID‑19 infection spread rapidly throughout the world, 
wreaking havoc with its high infection rate. Similarly, 
COVID‑19 infection in Egypt increased rapidly over a brief 
period of time [30].

As the COVID‑19 pandemic continues, it is critical to identify 
clinical and laboratory predictors of disease progression to 
severe and fatal forms [12].

Males were more frequently infected 198 (52.5%) than females 
179 (47.5%), with a mean age of 5713 and a significant increase 
in the age group 55–75 in the nonsurvivor group, which is 
consistent with a recent meta‑analysis [31–33]. Females 
frequently have a lower susceptibility to viral infections than 
males, which could be attributed to sex hormones, which are 
critical for innate and adaptive immunity [34].

In our study, the most common comorbidities were 
hypertension (45%), diabetes (28.3%), and cardiac 
disease (15%). Similarly, previous reports indicated that 
the most prevalent comorbidity in recruited patients was 
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Contd...

Table 1: Patients’ demography and characteristics

Parameters Total (n=377) Survivors’ [n=318 (84.4%)] Death [n=59 (15.6%)] P
Demography

Hospital
1 224 (59.4) 217 (68.24) 7 (11.86) 0.000
2 58 (15.4) 43 (13.52) 15 (22.42)
3 29 (7.7) 22 (6.9) 7 (11.86)
4 32 (8.5) 22 (6.9) 10 (16.95)
5 34 (9) 14 (4.4) 20 (33.9)

Age 57.39±13 57.3±12.6 57.6±14.9 0.906
Weight before 82.5±18.6 82.9±19.1 78.9±13.1 0.499
Weight after 79.35±17.25 79.6±17.7 77.6±13.7 0.696
Interdialytic weight gain 1.67±1.2 1.7±1.2 2.2±0.8 0.199
BMI 28.94±6.3 29.2±6.6 27.2±3.3 0.132
Dialysis duration (years) 4.16±4.2 4.14±4.43 4.8±4.14 0.504
Age group

15‑35 21 (5.57) 17 (5.35) 4 (6.78) 0.001
>35‑55 91 (24.14) 72 (22.6) 19 (32.2)
>55‑75 158 (41.9) 126 (39.6) 32 (54.2)
>75 107 (28.38) 103 (32.4) 4 (6.78)

Age >60 years
No 212 (56.3) 173 (54.4) 39 (66.1) 0.096
Yes 165 (34.7) 145 (45.6) 20 (33.9)

Sex
Female 179 (47.5) 149 (46.7) 30 (50.85) 0.573
Male 198 (52.5) 169 (53.1) 29 (49.2)

Comorbidities
DM

No 270 (71.6) 227 (71.4) 43 (72.9) 0.815
Yes 107 (28.3) 91 (28.6) 16 (27.1)

HTN
No 207 (54.91) 176 (55.35) 31 (52.54) 0.691
Yes 170 (45.09) 142 (44.65) 28 (47.46)

Cardiac disease
No 320 (84.88) 273 (85.85) 47 (79.66) 0.223
Yes 57 (15.12) 45 (14.15) 12 (20.34)

Lung disease
No 348 (92.31) 296 (93.08) 52 (88.14) 0.190
Yes 29 (7.69) 22 (6.92) 7 (11.86)

Liver disease
No 329 (87.27) 279 (87.74) 50 (84.75) 0.527
Yes 48 (12.73) 39 (12.26) 9 (15.25)

Pregnancy
No 358 (94.96) 306 (96.23) 52 (88.14) 0.009
Yes 19 (5.04) 12 (3.77) 7 (11.86)

Malignancy
No 353 (93.63) 301 (94.65) 52 (88.14) 0.060
Yes 24 (6.37) 17 (5.35) 7 (11.86)

Previous Tx
No 357 (94.69) 305 (95.91) 52 (88.14) 0.014
Yes 20 (5.31) 13 (4.09) 7 (11.86)

Chemotherapy
No 356 (94.43) 304 (95.6) 52 (88.14) 0.022
Yes 21 (5.6) 14 (4.4) 7 (11.86)
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Table 1: Contd...

Parameters Total (n=377) Survivors’ [n=318 (84.4%)] Death [n=59 (15.6%)] P
Immunosuppressive

No 356 (94.43) 306 (96.23) 50 (84.75) 0.000
Yes 21 (5.57) 12 (3.77) 9 (14.25)

Number of comorbidities >5
No 358 (94.96) 306 (96.22) 52 (88.14) 0.031
Yes 19 (5.04) 12 (3.77) 7 (11.86)

Symptoms
Fever

No 59 (15.65) 34 (10.69) 25 (42.37) 0.000
Yes 318 (84.35) 284 (89.31) 34 (57.63)

Cough
No 201 (53.32) 171 (53.77) 30 (50.85) 0.679
Yes 176 (46.68) 147 (46.23) 29 (49.15)

Dyspnea
No 200 (53.05) 173 (54.4) 27 (45.76) 0.222
Yes 177 (46.95) 145 (45.6) 32 (54.24)

Sore throat
No 310 (82.23) 263 (82.7) 47 (79.66) 0.574
Yes 67 (17.77) 55 (17.3) 12 (20.34)

Diarrhea
No 330 (87.53) 280 (88.05) 50 (84.75) 0.480
Yes 47 (12.47) 38 (11.95) 9 (15.25)

Vomiting
No 375 (99.47) 316 (99.37) 59 (100) 0.541
Yes 2 (0.53) 2 (100) 0

Abdominal pain
No 328 (87) 280 (88.05) 48 (81.36) 0.160
Yes 49 (13) 38 (11.95) 11 (18.64)

Fatigue
No 249 (66.05) 214 (67.3) 35 (59.32) 0.235
Yes 128 (33.95) 104 (32.7) 24 (40.68)

Skin eruption
No 344 (91.25) 292 (91.82) 52 (88.14) 0.357
Yes 33 (8.75) 26 (8.18) 7 (11.86)

Thrombosis
No 346 (91.73) 294 (92.45) 52 (88.14) 0.268
Yes 31 (8.22) 24 (7.55) 7 (11.86)

Closure of AVF
No 345 (91.51) 293 (92.14) 52 (88.14) 0.311
Yes 32 (8.49) 25 (7.86) 7 (11.86)

Drowsiness
No 346 (91.78) 294 (92.45) 52 (88.14) 0.268
Yes 31 (8.22) 24 (7.55) 7 (11.86)

DCL
No 337 (89.39) 286 (89.94) 51 (86.44) 0.423
Yes 40 (10.61) 32 (10.06) 8 (13.56)

Other complications
No 357 (94.69) 307 (96.54) 50 (84.75) 0.000
Yes 20 (5.31) 11 (3.46) 9 (15.25)

Contact with cases
No 343 (90.98) 291 (91.51) 52 (88.14) 0.406
Yes 34 (9.02) 27 (8.49) 7 (11.86)

Contd...
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Table 1: Contd...

Parameters Total (n=377) Survivors’ [n=318 (84.4%)] Death [n=59 (15.6%)] P
Myalgia

No 306 (81.17) 254 (79.87) 52 (88.14) 0.136
Yes 71 (18.83) 64 (20.13) 7 (11.86)

Need for MV
No 357 (94.69) 316 (99.37) 41 (69.49) 0.000
Yes 20 (5.31) 2 (0.63) 18 (30.51)

Clotting
No 375 (99.47) 316 (99.37) 59 (100) 0.541
Yes 2 (0.53) 2 (100) 0

Complications during HDx
No 371 (98.41) 312 (98.11) 59 (100) 0.288
Yes 6 (1.59) 6 (100) 0

HDx duration 4 h
No 27 (7.16) 2 (0.54) 25 (42.4) 0.02
Yes 350 (92.84) 316 (99.37) 34 (57.6)

HDx frequency 3 times/week
No 12 (3.18) 9 (2.83) 3 (5.08) 0.365
Yes 365 (96.82) 309 (97.17) 56 (94.92)

Anosmia
No 348 (92.31) 296 (93.08) 52 (88.14) 0.190
Yes 29 (7.69) 22 (6.92) 7 (11.86)

Well‑being
No 346 (91.78) 294 (92.45) 52 (88.14) 0.268
Yes 31 (8.22) 24 (7.55) 7 (11.86)

Anorexia
No 348 (92.31) 296 (93.08) 52 (88.14) 0.190
Yes 29 (7.69) 22 (6.92) 7 (11.86)

Loss of weight
No 349 (92.57) 297 (93.4) 52 (88.14) 0.157
Yes 28 (7.43) 21 (6.6) 7 (11.86)

Performance
No 352 (93.37) 299 (94.03) 53 (89.83) 0.234
Yes 25 (6.63) 19 (5.97) 6 (10.17)

ICU admission
No 336 (89.12) 291 (91.51) 45 (76.27) 0.001
Yes 41 (19.88) 27 (8.49) 14 (23.73)

Number of symptoms >5
No 331 (87.8) 279 (87.74) 52 (88.14) 0.966
Yes 46 (12.2) 39 (12.26) 7 (11.86)

Disease severity
Home isolation

Mild 246 (65.3) 219 ( 68.87) 27 (45.76) 0.000
Hospital isolation

Moderate 90 (23.87) 72 (22.64) 18 (30.51) 0.000
ICU isolation

Severe 41 (10.88) 27 (8.49) 14 (33.73) 0.000
Need for mechanical ventilation

Critically ill 20 (5.31) 2 (0.63) 18 (30.51) 0.000
Laboratory

O2 saturation 94.88±5.6 94.94±6.23 87.73±10.6 0.000
Nonanemic

>13 158 (41.9) 145 (45.6) 13 (22) 0.006
Mild anemia(grade I)

10‑<13 85 (22.6) 65 (20.44) 20 (33.9)

Contd...
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Table 1: Contd...

Parameters Total (n=377) Survivors’ [n=318 (84.4%)] Death [n=59 (15.6%)] P
Moderate anemia (grade II)

8‑<10 104 (27.59) 85 (26.73) 19 (32.2)
Severe anemia (grade III)

<8 30 (7.96) 23 (7.23) 7 (11.86)
Hb% 9.7±1.8 10.1±7 9.8±1.9 0.292
HCT 28.3±6.2 28.4±6 27.5±6.7 0.820
WBCs 8.9±6.3 8.2±4.7 09.4±5.4 0.221
Lymph 1.3±1 1.3±1.1 1.2±0.6 0.511
PLT 242.49±95.6 242±95 243±100 0.928
Serum ferritin 823.3±734 863±815 654±72 0.654
CRP 584.9±12.7 305±15.7 998±18 0.024
Blood urea 135.6±38 136.8±39 122±20 0.607
Serum creatinine 9.5±4 9.5±4.1 9.8±3.9 0.914
D‑dimer 2200±2133 118±1687 4442±897 0.0013
LDH 328.8±143.3 348±148 278±91 0.004
Serum albumin 3.7±2.6 3.8±0.4 3.7±0.3 0.507
Lymphopenia

No 326 (86.47) 274 (86.2) 52 (88.14) 0.684
Yes 51 (13.53) 44 (13.84) 7 (11.68)

Lymphocytosis
No 180 (47.75) 149 (46.86) 31 (52.54) 0.422
Yes 197 (52.25) 169 (53.14) 28 (47.46)

Thrombocytopenia
No 348 (92.3) 296 (93.1) 52 (88.14) 0.190
Yes 29 (7.69) 22 (6.9) 7 (11.86)

Thrombocytosis
No 169 (44.83) 138 (43.4) 31 (52.54) 0.194
Yes 208 (55.17) 180 (56.6) 28 (47.46)

Significant P value. CRP, C‑reactive protein; DM, diabetes mellitus; Hb, hemoglobin; HCT, hematocrit; HTN, hypertension; LDH, lactate dehydrogenase; 
MV, mechanical ventilation; PLT, platelet; WBC, white blood cell.

hypertension, followed by diabetes mellitus [31,35]. 
Pregnancy, malignancy, previous renal transplantation, 
chemotherapy, immunosuppressive drugs, presence of 
more than five comorbidities, and other symptoms were 
significantly more prevalent in the nonsurvivors’ group, 
which is consistent with Oakes et al.’s [35] conclusion that 
pregnancy significantly increases the risk of severe COVID‑19 
as defined by nonadmission based. Additionally, according to 
Thng et al. [36], immunosuppression may increase a patient’s 
risk of infection. With severe acute respiratory syndrome 
coronavirus 2 and the development of severe complications, 
best‑practice guidelines worldwide currently recommend 
that immunosuppressive treatment be continued in patients 
who require it, except for those who require high‑dose 
corticosteroid therapy or who have associated risk factors for 
severe COVID‑19 [37]. COVID‑19‑related mortality appears 
to be primarily determined by age, sex, and comorbidities in 
cancer patients. We were unable to find evidence that cancer 
patients receiving cytotoxic chemotherapy or other anticancer 
treatment face an increased risk of death from COVID‑19 when 
compared with those who are not receiving treatment [38].

In line with previous reports, we discovered that fever (84.4%), 
dyspnea (46.7%), cough (46.7%), and fatigue (34%) were the 

most common presenting symptoms, while myalgia (18.8%), 
sore throat (17.8%), abdominal pain (13%), diarrhea (12.5%), 
DCL (10.6%), skin eruption (10.3%), and AVF closure (10%) 
were the least common, where they are less prevalent [32]. The 
most frequently encountered symptom in Goicoechea et al. [38] 
and  Wang et al. [24] studies was fever (67 and 60%). According 
to  Zheng et al. [39], fever was associated with the progression 
of COVID‑19, including severe illness and death. According 
to our study, fever was statistically significantly higher in the 
survivor group. Concerning COVID‑19 severity, a Chinese 
study reported that the majority of patients (59.79%) had mild 
disease, 21.13% had moderate disease, 12.89% had severe 
disease, and 6.19% had died [40,41]. On the other hand, another 
study found that the majority (47.5%) had severe disease, while 
37.8% had moderate disease, 14.2% were in critical condition, 
and 0.5% had a mild infection [42]. Meanwhile, the majority of 
patients in our study had mild disease manifestations (65.3%), 
23.9% had moderate disease manifestations, and 10.9% 
were critically ill and required ICU isolation. About 5.3% 
of patients required mechanical ventilation. COVID‑19 was 
found to be moderately severe in the majority of patients, 
which is consistent with a meta‑analysis finding that 25.6% 
of patients presented with severe illness [30,43]. These 
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variations in the proportion of patients with the severe disease 
between studies could be attributed to the use of different 
classification criteria or the time of patient presentation to the 
hospital, patient characteristics, and geographical distribution. 
Late patient admission increases the likelihood of entering 
a severe or critical stage, whereas early medical evaluation 
decreases the severity. In our study, the majority of patients 
with statistically more significant severe symptoms were 
nonsurvivors 14 (23.73%), while survivors 219 had statistically 
more significant mild symptoms (68.87%).

The Hb concentration is a critical factor in determining the 
blood’s oxygen‑binding capacity. The interaction of COVID‑19 
with Hb molecules may result in hemolysis and a decrease in 
Hb levels. Patients with low Hb levels are unable to meet 
their increased peripheral tissue oxygen demand [26]. In our 

study, the most frequently reported laboratory abnormalities 
were anemia Hb 9.7 ± 1.8, hematocrit 28.3 ± 6.2. In total, 
158 (41.9%) patients were nonanemic with Hb% more than 
13 g/dl, patients with mild anemia were 85 (22.6%) with 
Hb% 10 to less than 13 g/dl, 104 (27.59%) with moderate 
anemia Hb% 8 to less than 10 g/dl, and 30 (7.96%) with 
severe anemia Hb% less than 8 g/dl [29]. Patients who died 
had lower Hb%. These results were consistent with Turgutalp 
et al. findings [57].

We also reported elevated serum ferritin 823 ± 734, elevated 
CRP 584.9 ± 1295.7, decreased oxygen saturation 94.88 ± 5.6, 
elevated D‑dimer 2200 ± 2133, elevated LDH 328.8 ± 143.3, 
blood urea 135.6 ± 38, and serum creatinine 9.5 ± 4. This result 
is consistent with findings in the MHD population reported by 
Goicoechea et al. [24] and Turgutalp et al. [12]. In addition, 
higher CRP, LDH, and D‑dimer were found statistically 
significantly higher in patients who died.

Lymphopenia is a frequent complication of COVID‑19 
and may serve as an early prognostic indicator [44]. Only 
51 (14%) of patients were with lymphopenia and 197 (52%) 
with lymphocytosis.

Additionally, the cytokine storm results in increased blood 
coagulability, which eventually results in thrombocytopenia. 
In total, 29 (7.7%) had thrombocytopenia, while 208 (55%) 
had thrombocytosis. While lymphopenia, elevated CRP, 
serum ferritin, and D‑dimers were the most frequently 
reported laboratory abnormalities in the general population, 
lymphopenia, elevated CRP, serum ferritin, and D‑dimers 
were the most frequently reported laboratory abnormalities in 
all patients. The predominance of lymphopenia in COVID‑19 
suggests that the virus may act on lymphocytes, particularly 
T lymphocytes, causing a decrease in CD4 expression [45].

Cytokine storms associated with lymphopenia, leukopenia, 
and elevated CRP levels were associated with the severity 
of COVID‑19 [46]. At admission, thrombocytopenia was an 
independent risk factor for in‑hospital mortality, with a nearly 
threefold increased risk of death compared with those without 
thrombocytopenia [47].

It is difficult to implement social isolation measures and to 
prevent and control infectious diseases, such as COVID‑19, in 
dialysis patients because they spend time in crowded waiting 
areas prior to and following hemodialysis sessions [48]. MHD 
patients’ immune systems are less efficient, which may alter 
their response to COVID‑19. As a result, it is unsurprising to 
see increased mortality rates in patients with MHD [49]. As 
of December 12, 2020, the WHO reported that there had been 
over 70 million confirmed cases of COVID‑19 worldwide, with 
1 588 854 deaths (2.3%) [50]. In our study, the mortality rate of 
MHD with COVID‑19 patients was 59 (15.5%), with 20 (5.3%) 
requiring mechanical ventilation and 41 (10.9%) requiring ICU 
admission. This was more than six times the rate for the general 
population. Previous Italian studies revealed significantly higher 
mortality rates in small numbers of hemodialysis patients, as 

Table 2: Univariate regression analysis of risk factors

Variables OR (CI) P
Age group >55‑75 3.7 (0.037‑0.72) 0.019
BMI 0.94 (0.88‑1.06) 0.335
Pregnancy 3.4 (1.3‑9.2) 0.013
Malignancy 2.3 (0.94‑6) 0.167
Previous transplantation 3.2 (1.2‑8.3) 0.019
Chemotherapy 2.9 (1.1‑7.6) 0.028
Immunosuppression drugs 4.6 (1.8‑11.5) 0.001
Number of comorbidities >5 3.5 (1.3‑9.2) 0.012
Fever 0.2 (0.08‑0.3) 0.000
O2 saturation 1.2 (0.90‑0.94) 0.000
Other symptoms 5 (1.9‑12.7) 0.001
Number of symptoms >5 0.9 (0.5‑1.7) 0.825
ICU admission 3.4 (1.6‑6.8) 0.001
Need for MV 69.3 (15.5‑309.8) 0.000
Hospital 2 10.8 (4.2‑28) 0.000
Hospital 3 9.9 (3.2‑30.8) 0.000
Hospital 4 14 (4.8‑40.7) 0.000
Hospital 5 44.2 (16‑122) 0.000
D‑dimer 1 (0.99‑1) 0.100
Urea 0.99 (0.9‑1) 0.591
Creatinine 1.02 (0.7‑1.4) 0.910
Interdialytic weight gain 1.46 (0.8‑2.6) 0.204
Serum albumin 0.6 (0.6‑5.7) 0.670
LDH 0.994 (0.98‑1) 0.441
D‑dimer 1 (0.99‑1) 0.100
CRP 1 (0.99‑1) 0.117
Serum ferritin 0.99 (0.997‑1) 0.604
PLT 1 (0.995‑1) 0.987
WBCs 1.04 (0.97‑1.12) 0.224
Lymphocytes 0.85 (0.5‑1.36) 0.510
Hb% 0.991 (0.93‑1.05) 0.788
HCT 0.977 (0.8‑1.06) 0.601
Mild anemia 3.4 (1.6‑7.3) 0.001
Moderate anemia 2.5 (1.2‑5.3) 0.018
Severe anemia 3.4 (1.2‑9.4) 0.019
CI, confidence interval; CRP, C‑reactive protein; Hb, hemoglobin; 
HCT, hematocrit; LDH, lactate dehydrogenase; MV, mechanical 
ventilation; OR, odds ratio; PLT, platelet; WBC, white blood cell.
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high as 41% (41 patients with a mean age of 73) [51] and 24% 
(mean age, 21 patients, not mentioned) [52]. Spain also had a 
high mortality rate (30.5%), owing to a population that was 
more elderly (mean age 71 years) [24]. According to a New York 
study, 31.7% of 419 hemodialysis and peritoneal dialysis 
patients (mean age 74 years) hospitalized with COVID‑19 died, 
and 89 required mechanical ventilation (21.2%) [53]. These 
studies had a higher mortality rate and required mechanical 
ventilation than ours. This large disparity between mortality and 
mechanical ventilation rates may be explained by the patients’ 
median ages being significantly different. COVID‑19 MHD 
patients had a higher mortality rate than the general population 
in all of these studies. This difference is easily explained by 
the presence of multiple comorbid conditions in patients with 
MHD, such as a high rate of cardiovascular comorbidity. 
Alberici et al. [51] reported that a significant proportion of 
MHD patients had comorbid conditions, such as cardiovascular 
disease, hypertension, diabetes, or lung disease, all of which 
were associated with poor outcomes in patients with COVID‑19.

The analysis of risk factors for COVID‑19 mortality revealed 
that advanced age, pregnancy, previous transplantation, 
chemotherapy, immunosuppressive drugs, the presence of 
additional symptoms, anemia, fatigue, myalgia, and other 
manifestations, and the requirement for mechanical ventilation 
might all be risk factors for mortality in hemodialysis 
populations. While fever was associated with a decreased 
risk of death, concurring with  Xavier and colleagues.[54] In 
general population studies, lymphopenia, thrombocytopenia, 
and elevated CRP levels were associated with increased 
COVID‑19 mortality [55,56]. The COVID‑19 study on MHD 
found that high CRP levels were associated with a higher 
mortality rate. Ng et al. [52] demonstrated that increased 
mortality risk was associated with increased age, mechanical 
ventilation, lymphopenia, blood urea nitrogen, and serum 
ferritin levels in a large group of hemodialysis patients. 
Kenan and colleagues examined several laboratory findings, 
particularly thrombocytopenia and a high AST level during 
hospitalization, that were identified as risk factors for mortality 

Table 3: Multivariate regression analysis of risk factors

Model Variables OR P
1 Age >55‑75 2.4 (1.1‑5.8) 0.062
Adjusted to comorbidities Male 0.9 (0.4‑1.7) 0.773

DM 0.6 (0.26‑1.4) 0.244
HTN 1.2 (0.6‑2.4) 0.578
Cardiac 0.99 (0.4‑2.8) 0.983
Lung 9.42e‑13 (0) 0.990
Liver 0.3 (0.04‑1.7) 0.159
Pregn 1.76e+25 (0) 0.994
Malign 1.46e‑12 (0) 0.994
Tx 1.70e‑07 (0) 0.998
Chemo 275830.6 (0) 0.996
Immunosuppression drugs 9.5 (2.6‑829) 0.009

2 Fever 0.26 (0.08‑0.79) 0.018
Cough 0.45 (0.14‑1.4) 0.192

Adjusted to clinical manifestations Dyspnea 0.89 (0.3‑2.8) 0.854
Sore throat 0.6 (0.06‑5.6) 0.621
Diarrhea 1.0 (0.08‑11.6) 0.987
Abdominal pain 5.1 (0.9‑28.7) 0.064
Fatigue 4 (1.2‑13.6) 0.024
DCL 0.17 (0.005‑6) 0.320
Myalgia 0.06 (0.005‑0.7) 0.021
Other 44.5 (1‑1938) 0.049
MV 130.8 (8.5‑2014) 0.000
Loss of weight 1.1 (0.002‑746) 0.967
Perform 2.4 (0.04‑160) 0.678
O2 saturation 0.93 (0.91‑0.95) 0.001

3 Mild anemia 5.3 (2.2‑12.7) 0.000
Adjusted to laboratory investigations Moderate anemia 3.7 (1.5‑9.2) 0.004

Severe anemia 5.1 (1.5‑16.5) 0.007
Lymphopenia 1.7 (0.6‑4.7) 0.286
Lymphocytosis 1.04 (0.4‑2.7) 0.924
Thrombocytopenia 0.7 (0.3‑1.8) 0.477
Thrombocytosis 1.8 (0.7‑4.5) 0.224

DM, diabetes mellitus; HTN, hypertension; MV, mechanical ventilation; OR, odds ratio.
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in COVID‑19 MHD patients. Additionally, similar to the 
Ng et al. [53] study, age and ferritin levels were found to be 
associated with mortality.

conclusIons

We demonstrated that the mortality rate among COVID‑19 
MHD patients is 15.6% and that numerous factors contribute to 
this, including age group more than 55–75, immunosuppressive 
drug use, fatigue, and other COVID‑19 manifestations, the 
need for mechanical ventilation, decreased oxygen saturation, 
and anemia. While fever and myalgia were found to be 
associated with a decreased risk of death.

By the end of May, the Egyptian Ministry of Health had 
recommended that mild and some moderate cases are treated 
at home. We are providing an overview of the disease in Egypt 
and the risk factors for severe disease, so that cases managed 
at home will be alerted to the need for early hospitalization if 
they have any of these risk factors.

As a result, additional research on variable risk factors and 
laboratory parameters in severe illness should be conducted, 
taking into account the methodological differences in defining 
severe disease.
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