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Introduction

Over the past few years, viruses have become a significant 
global threat. Some of the viral threats stem from the ability of 
viruses to mutate frequently and adapt to various hosts [1]. To 
cope with the threat of viral infections, humanity must effec-
tively identify emerging deadly viruses and anticipate the prog-
nosis of viral disease. Identifying high-risk individuals is crucial 
in managing viral diseases with limited resources [2]. Differ-
ences in red blood cell morphology (size, shape, color, content/

inclusion, or distribution) are probably diagnostic markers for 
pathological features [3]. Generally speaking, there are various 
qualitative and quantitative measures of red cells, including 
mass, volume, number, concentration of hematocrit, and he-
moglobin. This should be within certain limits for an age group 
and sex in a given population [4]. Red blood cell Distribution 
Width (RDW) is a low-cost and easily accessible laboratory test 
included in a complete blood count with modern hematological 
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analyzers. The RDW measure reflects the extent of anisocyto-
sis, a condition characterized by significant heterogeneity in cir-
culating erythrocyte volume [2]. The RDW may be interrupted 
by physiological (e.g., pregnancy, aging, or physical exercise) or 
pathological (e.g., iron deficiency anemia, inflammation, and 
oxidative stress) factors [5]. Persistent inflammation, which may 
result from infections, is associated with higher RDW levels [6]. 
Increased RDW has been proposed as a marker for the severity 
of the viral disease. However, the exact mechanism by which 
the viral infections trigger high RDW remains vague. Viral-in-
duced chronic inflammation can disable erythrocyte develop-
ment, leading to changes in erythropoiesis or underproduction 
of erythropoietin. This may account for the positive correlation 
between RDW levels and the seriousness of viral infections 
[7]. RDW has significant potential for differential determina-
tion, morbidity, and mortality forecasts of infectious diseases, 
including parasitic and bacterial diseases, community-acquired 
pneumonia, infective endocarditis, sepsis due to Gram-negative 
bacteria, and viral illnesses. The parameter is progressively 
picking up consideration as a conceivable, easily available, and 
cost-effective biomarker for the determination and prognosis of 
infectious diseases [8]. To this end, it is important to continue 
researching biomarkers capable of predicting the prognosis of 
many diseases, including those caused by viruses. This study 
highlights the points of view and challenges of RDW as an an-
ticipated biomarker for viral diseases, with an accentuation on 
hepatitis B, COVID-19, and HIV. 

Materials and methods

 This study was conducted in a single medical center in Port 
Sudan City using a cross-sectional analytic design. Between Jan-
uary 1, 2021, and December 31, 2022, 132 patients who had 44 
confirmed positive COVID-19, 44 confirmed positive hepatitis 
B, and 44 confirmed positive HIV infections participated in the 
study. There were 44 healthy subjects without characteristics 
of interest, serving as a baseline for comparison involved in the 
study. Using the RDW value, the study cohort was split into two 
categories (elevated and normal). A cutoff value >14.6%, the 
top bound of the healthy reference interval, was declared to be 
elevated RDW [9].

Inclusion and exclusion criteria 

All patients who had tested positive for COVID-19, hepatitis 
B, and HIV were eligible for inclusion. Pregnancy, Anemia (de-
fined as a hemoglobin value below 130 g/L in males and be-
low 120 g/L in females, respectively) [10], comorbidities, and 
seronegative status for COVID-19, hepatitis B, and HIV or begun 
treatment were exclusion criteria.

Laboratory method 

The semi-automated hematology analyzer (Sysmex KX 21N, 
Japan) is utilized in analyzing Complete Blood Count (CBC) in-
cluding RDW-CV.

Statistical analysis 

Categorical data are reported as the percentage of composi-
tion ratio, whereas continuous variables are expressed as the 
mean. Student’s t-tests were utilized for between-group com-
parisons. The Shapiro‒Wilk test was used to check for the nor-
mality distribution of normally distributed data. One-way analy-
ses of variance were applied to the multigroup comparisons, 
and Tukey-Kramer was employed for the pair-wise comparisons 
that followed. We compared categorical variables using Pear-

son’s chi-square analysis. Receiver Operating Characteristic 
(ROC) curves were created to examine how the RDW parameter 
performed in categorized morbidities. Statistical significance 
was set up by P<0.05.

Ethical approval: This study’s procedures for working with 
human subjects adhered to the Declaration of Helsinki in every 
way. This study on a single healthcare center in Port Sudan City 
was approved by the Red Sea Ministry of Health’s Ethics Com-
mittee [code 44/B/1, January 2021].

Results 

The clinical sample of this study consisted of 132 individuals, 
44 of whom had COVID-19, 44 had hepatitis B, and 44 had HIV. 
Moreover, 44 were seemingly healthy subjects as control. It was 
discovered that 39% (52/132) of the study had excessive RDW 
values versus 61% (80/132) had normal RDW. 

Male patients made up the majority of the study’s viral ill-
ness patients. The average HB, Hct, MCV, and RBC count val-
ues were vastly lower in viral diseases versus the control group 
(P<0.000). Even if it is lower than the group control, the MCH 
level was only marginally reduced (P<0.178). Additionally, the 
MCHC levels were hardly higher in the viral sickness group than 
in the control group (P<0.055). Interestingly, the RDW values 
were dramatically elevated in the viral infection group com-
pared to the control group (P<0.000). Table 1 provides an over-
view of the foundational facts.

In the present study, patients with greater RDW values had 
a higher frequency of anemia than patients with lower RDW 
values. High rates of anemia were reported in patients with in-
creased RDW values (odds ratio 6.6). It was observed that men 
had higher odds of having increased RDW values with an odds 
ratio of (0.57). According to this study, the most common vi-
ral infections that promote anemia are HIV and HBV, which ac-
count for 63.6% and 43.2%, respectively (P<0.000). While the 
COVID-19 infection had a slight risk of causing anemia 34.0%, it 
did so extensively. 

Table 2 displays the study’s conclusions. The difference was 
statistically significant (41.4% vs. 16.9%, P=0.000) in favor of the 
24 HIV patients with greater RDW values because they experi-
enced a higher rate of morbidity. A significant difference has 
also existed between the 18 HBV patients with increased RDW 
values and those with typical RDW values (31.0% vs. 22.0%, 
P=0.000) which may imply liver impairment. The likelihood of 
hospitalization was considerably higher in 10 COVID-19 patients 
with elevated RDW versus those with normal RDW (17.2% vs. 
28.8%, P=0.000). Diagnostically, it was discovered that anemia 
in viral infections with raised RDW was substantially linked to a 
higher risk of pathology.

ROC curve estimation and calculation of AUC for HIV, HBV, 
and COVID-19 were performed to propose the risk of high mor-
bidity (Figures 1-3). In this current study, ROC curves suggest 
that RDW is the most significant single parameter predicting 
high morbidity risk. RDW/HIV (AUC=0.228, sensitivity=21%, 
specificity=61%, 95% CI 0.128-0.329, and cut-off 14.8%) was 
anticipated high morbidity risk. RDW/HBV (AUC=0.427, sen-
sitivity=43%, specificity=57%, 95% CI 0.305-0.548, and cut-off 
13.7%) was implicated in high morbidity risk. RDW/COVID-19 
(AUC=0.418, sensitivity=43%, specificity=59%, 95% CI 0.297-
0.539, and cut-off 13.7%) was associated with high morbidity 
risk. Eventually, ROC indicates that the results align with RDW 
elevation and anemia intensity. 
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Table 1: The research population’s foundation.

Characteristics HIV  (n=44) COVID-19 (n=44) HBV  (n=44) Control (n=44) P. value

Age 
years
range

33.0±11.1
18 - 65

62.0±13.2
29 - 80

40.9±17.8
3 - 70

24.3±9.2
18 – 76 

0.000

Sex 
 male
 female

30(68.2%)
14(31.8%)

28(63.6%)
16(36.4%)

26(59.1%)
18(40.9%)

34(77.3%)
10(22.7%)

0.312

Red cell indices

HB g/dl 11.5±1.9 12.5±1.7 11.8±2.9 14.1±0.88 0.000

Hct % 32.1±4.6 36.0±4.7 34.1±8.1 42.7±5.7 0.000

MCV fl 79.6±8.5 86.7±4.7 82.2±8.0 90.3±10.6 0.000

MCH pg 28.7±4.4 36.0±35.0 28.7±3.8 30.3±3.5 0.178

MCHC % 35.6±2.3 33.5±6.9 34.8±2.3 33.6±3.8 0.055

RBCs µl 4.05±0.65 4.11±0.55 4.19±1.1 4.74±0.60 0.000

RDW-CV % 16.0±3.0 14.3±1.6 14.8±2.8 13.9±1.6 0.000

HB: Hemoglobin; Hct: Hematocrit; MCV: Mean Cell Volume; MCH: Mean Corpuscular Hemoglobin; NCHC: Mean Cor-
puscular Hemoglobin Concentration; RBCs: Red Cell Counts; RDW-CV: Red Cell Distribution Width-Coefficient of Variation.

Table 2: Outcome data of studied parameter to their RDW value.

Variables Elevated RDW Normal RDW P. value

HIV (n=44) 24(41.4%) 20(16.9%) <0.0001

HBV (n=44) 18(31.0%) 26(27.0%) <0.0001

COVID-19 (n=44) 10(17.2%) 34(28.8%) <0.0001

Control (n=44) 6(10.3%) 38(32.2%) ̶

Anemia (n=62) 37(63.8%) 25(21.2%) <0.0001

HIV: Human Immunodeficiency Virus; HBV: Hepatitis B virus; CO-
VID-19: Coronavirus Disease 2019; RDW: Red Cell Distribution Width.

Figure 1: ROC of RDW values for proposing the outcome morbidity 
in HIV patients.

Discussion 

The study first approached RDW values in patients with viral 
infections in eastern Sudan in our district. According to our re-
search, 39% of patients with viral infections had increased RDW 
levels. In comparison to patients with normal values, those with 
elevated RDW, and consequently more pronounced anisocyto-
sis, had a higher risk of morbidity. These results are consistent 
with previous studies [11-13]. 

RDW rises as people become older, especially in women [14]. 
This is most likely caused by aging’s simultaneous development 
of diminished RBC deformability. Similarly, RDW is recognized 
as a significant risk factor in diagnosing and looking at patients 
with viral diseases [11-13]. While the exact process is still un-
known, a combination of validated viral indicators and RDW can 
aid in the earlier detection of patients with a viral infection, al-
lowing for more targeted and appropriate care.

In our study, patients with viral diseases had a similar preva-
lence of greater RDW with older age and male sex. Addition-
ally, anemia was more prevalent in patients with higher RDW 
[15,16], findings consistent with past research and typical of 
groups with pre-existing medical problems [17-19].

The specific process via which RDW elevation occurs is un-
certain in COVID-19 patients. Prior research revealed a relation-
ship between enhanced RDW and heightened inflammatory 
oxidative stress indicators and poor iron metabolism, which 
would eventually encourage RBC apoptosis and variation in 
morphology [17,18]. Patients with COVID-19 are found to have 
a substantial inflammatory reaction that may result in multior-
gan failure. The elevated COVID-19 RDW is probably because of 
this inflammatory reaction [20].

Elevated RDW has been linked in multiple studies to severe 
COVID-19 and a higher chance of death. RDW was substantially 
correlated with 30-day mortality in COVID-19 patients admitted 
to critical care units, according to a Spanish observational study. 
COVID-19-related mortality was predicted with 80% sensitivity 
and 59% specificity using an RDW cut-off value of 13.5% [21]. 
Therefore, For COVID-19 patients, RDW can be a useful sign for 
determining the severity and course of the illness.
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Figure 2: ROC of RDW values for predicting the outcome morbidity 
in COVID-19 patients.

Figure 3: ROC of RDW values for anticipating the outcome 
morbidity in HBV patients.

The current study showed that 18 HBV patients with high-
er RDW values exhibited noticeable liver impairment. A study 
found that elevated RDW levels were significantly increased in 
patients with  HBV-related hepatitis  and could reflect disease 
severity [13]. A persistent case of hepatitis B is also associated 
with increased RDW. Research has demonstrated that in pa-
tients with chronic hepatitis B, a rise in RDW is correlated with 
viral load. Thus, RDW can distinguish between current and dor-
mant infections of cirrhosis linked to HBV [21].

Elevated RDW values can aid as an independent predictor 
of morbidity in patients with HBV infection, which is the most 
important finding from our research.

We found in this study that RDW is a useful tool for predict-
ing the morbidity of HBV-positive patients, despite its relatively 

poor prediction power (AUC=0.427, cut-off 13.7%, P<0.236). 
We, therefore, hypothesize that this variation is a significant el-
ement influencing the course of the disease and may serve as a 
powerful marker for those infected with HBV.

Even though the precise pathophysiological procedure un-
derlying the connection between RDW, HIV infection, and as-
sociated morbidity is undetermined, any systemic factor that 
affects red cell homeostasis, such as inflammation or oxida-
tive stress, may be involved [22]. The inflammatory condition 
caused by HIV replication along with the disease itself may help 
to explain the causality between an elevated RDW and HIV re-
ported in the medical literature [23,24].

The current study found that RDW/HIV had a greater predic-
tive power (AUC=0.222, cut-off 14.8%, P<0.000) and may be uti-
lized to anticipate the morbidity of HIV-infected patients. This 
study offers information on the potential significance of RDW 
in HIV-positive Sudanese patients, emphasizing its link to inad-
equate disease control.

This study has limitations, and much more exploration 
is required to fully understand the implications of elevated 
RDW levels in HIV, COVID-19, and HBV infections. Future 
studies must increase the sample size and define the impor-
tant RDW cut-off value by multi-centered research. Addition-
ally, there are differences in the RDW measuring techniques, 
and the definition criteria have not been standardized. 
Furthermore, it would be beneficial to ascertain the reference 
ranges of RDW for various diseases and ethnic groups. Studying 
whether RDW may be utilized as an ongoing marker of changes 
in viral diseases is also crucial and fascinating.

Conclusion

In summary, RDW is an emerging prognostic indicator for 
viral infections, including COVID-19, HBV, and HIV. Monitoring 
RDW levels can provide valuable insights into disease severity 
and morbidity risk prediction. 
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