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Hemog lobinopathies  are  ver y 
common in Oman (partly due to 
high consanguineous marriage), 
with an estimate of more than two 

per 1000 live births affected.1–3 The prevalence of a 
serious hemoglobinopathies is about 10% with the 
most significant being sickle cell anemia (SCA) and 
β-thalassemia major.3

SCA is marked by a point mutation, where 
glutamic amino acid is replaced by valine leading 
to abnormal β chain production.4,5 About 40% of 
hemoglobin in the sickle cell trait (heterozygous 
state) is HbS, but in the homozygous state it can 
reach up to 80–95%.6 HbS can polymerize under 
the low oxygen tension, causing vaso-occlusive 
events leading to tissue inflammation, infarction, 
and end organ damage.7 The disease is characterized 
by the triad of recurrent painful episodes (crises): 
hemolytic anemia, and a predisposition to repeated 

infections.7,8 The clinical manifestations of SCA 
vary from patient to patient, and it is influenced by 
hereditary and environmental factors, including the 
level of fetal hemoglobin in postnatal life.9

SCA patients are at an increased risk of infections, 
due to splenic dysfunction, altered complement 
regulation, low oxygen tension, medications, and 
recurrent admissions to hospital with exposure 
to nosocomial pathogens.6,8 The prevalence of 
infections has apparently increased owning to the 
improved diagnostics in recent times.10

Among these infections, respiratory viral 
infections are very common, and can affect both 
upper and lower respiratory tract. The Cooperative 
Study of Sickle Cell Disease in the US demonstrated 
that viruses contributed to 6.7% of cases progressing 
to acute chest syndrome (ACS).7 Previous studies 
showed that three new respiratory viruses had 
emerged, namely SARS (a novel Corona virus) in 
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A B S T R AC T
Objectives: Patients with sickle cell anemia (SCA) are immunocompromised and at an 
increased risk of developing infections. Our aim was to establish the clinical, laboratory, 
and radiological manifestations of respiratory viral infections in SCA at Sultan Qaboos 
University Hospital (SQUH), Oman and assess its impact on disease morbidity and 
mortality, with special emphasis on H1N1.  Methods: We undertook a retrospective 
study in SCA patients with respiratory viral infections following up at the hematology 
department at SQUH. We collected demographic data and clinical, radiological, and 
laboratory parameters. Results: In 84 SCA patients with 109 admission episodes for 
vaso-occlusive crisis (VOC), molecular diagnostic techniques confirmed 125 respiratory 
viral infections. Rhinovirus was the most prevalent infection (35.8%), whereas H1N1 
virus infection was seen only in 10.1%. Laboratory investigations revealed a significant 
fall in mean hemoglobin levels, mean white blood cell, and platelet counts from baseline, 
whereas there was a significant rise in the mean lymphocyte and retic count, serum lactate 
dehydrogenase, and C-reactive protein levels during infective episodes (p < 0.050, Wilcoxon 
signed rank test). One-third (32.1%) of the VOC episodes progressed to acute chest 
syndrome (ACS), but in the H1N1 cohort, only two episodes of ACS was seen (18.2%).  
Conclusions: Rhinovirus was the commonest respiratory virus infections in SCA patients, 
whereas parainfluenza 3 was associated with a significant adverse outcome. H1N1 was 
associated with a mild course. ACS was seen in approximately one-third of this group 
of patients.
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2003, influenza A H5N1 (avian flu) in 2004, and the 
pandemic caused by the new reasserting influenza 
A (H1N1) in April 2009, which was first identified 
in Mexico and California with subsequent spread 
worldwide.11 In Oman, 2681 persons were reported 
to be infected with the influenza A (H1N1) 
virus, of which 24 patients died, with these deaths 
occurring in the very young, elderly, or those with  
underlying disease.12

Respiratory infections are a risk factor for 
triggering ACS in SCA patients and often lead 
to several complications. Influenza-associated 
hospitalization and complications in pediatric SCA 
patients were reported to be 56-times higher than 
in non-SCA patients.13 Measures to control these 
infections will immensely benefit these patients, 
who are highly susceptible to infections; in particular 
with increasing prevalence of viral infections after the 
pandemic of H1N1. The Center for Disease Control 
and Prevention also recommends regular vaccination 
for the prevention and control of seasonal influenza,14 
and this is essential in SCA patients with their inherent  
immunocompromised state.

However, there has been limited data in the 
published literature studying the effect of respiratory 
viral infections and in particular H1N1 infections 
on SCA patients. A report from the UK estimated 
H1N1 in 50% of patients with SCA presenting 
to hospital with 25% developing ACS.15 Another 
report found that in 48 cases of H1N1 influenza, 
21% progressed to ACS.16 A study in children 
and young adults with SCA identified 29 cases of 
confirmed H1N1 infection, with 34% developing 
ACS and 17% required intensive care including 
mechanical ventilation in 10%.10

Our aim was to establish the clinical, laboratory, 
and radiological manifestations of respiratory 
viral infections in SCA patients at Sultan Qaboos 
University Hospital (SQUH) and assess its impact 
on the disease morbidity and mortality, with special 
emphasis on H1N1.

M ET H O D S
We conducted a retrospective electronic medical 
record (EMR) review after approval by the local 
hospital medical research and ethics committee 
(MREC #1321). A list of 428 patients with SCA 
who were tested for viral infections were obtained 
from the EMR, but only 84 patients with a total of 

109 episodes met all the inclusion criteria. These 
were: aged ≥ 15 years, confirmation of SCA by 
high-performance liquid chromatography and/or 
DNA studies, and confirmed to have respiratory 
viral infection by molecular studies (viral RNA/
DNA PCR). All of these events occurred in the 
study period between June 2013 and July 2018. 
Demographic information, past medical history, 
clinical and laboratory findings, chest radiographs, 
complications, co-infections, interventions, and 
drugs given related to the episodes of respiratory 
viral infections in these patients were retrieved  
for analysis.

We used SPSS (IBM Corp. Released 2015. 
IBM SPSS Statistics for Windows, Version 23.0. 
Armonk, NY: IBM Corp.) to analyze the collected 
data. Continuous variables were expressed as mean 
and standard deviation if normally distributed, and 
median and inter quartile range (IQR) for data not 
following normal distribution. Nonparametric tests 
like chi-square was used to determine the statistical 
significance and the unpaired t-test Wilcoxon signed 
ranks test were used to compare means of continuous 
variables between groups. A p-value < 0.050 was 
considered significant.

R E SU LTS
Males and females were equally represented (n = 
42 each) in our cohort. The mean age was 27.0+7.0 
years (range = 15–57 years). Admission episodes 
were equally divided with 55 and 54 episodes in 
the male and female patients, respectively. Clinical 
details and confounding factors showed that 89.0% 
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Figure 1: Clinical features in sickle cell anemia 
patients with respiratory viral infection (n = 84; 109 
vaso-occlusive crisis episodes).
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of patients were on penicillin prophylaxis, whereas 
61.5% were on hydroxyurea therapy. On abdominal 
ultrasound, 38.5% showed asplenia, either owing to 
surgical splenectomy or autosplenectomy, whereas 
58.7% had a previous history of ACS.

Generally, the clinical presentations were similar 
in all types of respiratory viral infections. The most 
frequent signs and symptoms seen in these SCA 
patients were pain (87.2%), fever (55.1%) with 
a mean duration of 3.0 days, and cough (55.1%) 
ranging from dry to productive. Other frequent 
symptoms were throat congestion (23.8%), 
crepitation (22.9%), chest pain (22.1%),  reduced 
air entry (16.5%), headache (11.9%), and rhinorrhea 
(14.7%) [Figure 1]. Comparatively, H1N1 patients 
had a higher incidence of cough (72.7% vs. 53.1%), 
rhinorrhea (36.4% vs. 14.7%), reduced air entry 
(18.2% vs. 16.3%), and crepitation (27.3% vs. 22.9%) 

than other non-H1N1 respiratory viral infected 
SCA patients in this cohort.

Table 1 shows the details of hematological 
parameters by comparison between the baseline and 
the data at the time of infection. It was observed that 
the median hemoglobin at baseline was significantly 
higher than the median hemoglobin [nadir] during 
the infection. The mean white blood cell count at 
baseline was significantly decreased during infection 
as was the mean platelets count. The median 
reticulocyte count at baseline was significantly higher 
than during infection. The median lymphocytes 
count at baseline was significantly lower than the 
median lymphocytes during the infection.

Table 2 summarizes the biochemical parameters. 
We observed that the median C-reactive protein 
(CRP) level at admission was significantly lower 
than the median CRP during the infection. 

Table 1: Hematological laboratory investigations of the study population.

Characteristics Median IQR Mean + SD p-value

Hemoglobin baseline, g/dL 11.45 1.50 9.8 1.3 < 0.001*
Hemoglobin nadir, g/dL 7.25 1.20 7.2 0.9
WBC baseline, ×109/L 8.40 6.50 8.9 3.4 < 0.002*
WBC nadir, ×109/L 7.20 4.70 6.8 2.5
Lymphocytes count baseline, ×109/L 2.70 0.90 2.6 0.8 < 0.001*
Lymphocytes count maximum, ×109/L 3.70 1.80 4.1 2.0
Platelets count baseline, ×109/L 313.00 233.00 350.6 252.4 < 0.001*
Platelets count nadir, ×109/L 238.50 232.00 285.2 207.9
ANC basaline, ×109/L 4.20 1.60 3.9 0.9 0.273*
ANC nadir, ×109/L 2.60 1.60 2.5 1.2
Reticulocyte basaline, ×109/L 214.50 230.90 223.1 129.2 < 0.005*
Reticulocyte nadir, ×109/L 169.50 84.00 172.0 155.2
HbS, % 85.10 7.00 86.3 3.8
HbF, % 8.00 9.40 8.3 4.7

IQR: inter quartile range; SD: standard deviation; WBC: white blood cell; ANC: absolute neutrophil count; HbS: sickle cell hemoglobin; HbF: fetal hemoglobin. 
*Statistically significant (Wilcoxon signed ranks test).

Table 2: Biochemistry laboratory investigations of the study population.

Characteristics Median IQR Mean + SD p-value

LDH baseline, U/L 350.00 162.00 338.0 105.0 < 0.001*
LDH maximum, U/L 710.50 991.00 693.0 132.0
CRP at admission, mg/L 18.50 41.00 37.7 21.8 < 0.001*
CRP maximum, mg/L 143.50 147.00 153.0 44.4
BUN, mmol/L 3.80 1.70 3.4 0.8
Total bilirubin, µmol/L 29.00 51.00 53.8 17.6
Direct bilirubin, µmol/L 12.50 28.00 47.9 14.1

IQR: inter quartile range; SD: standard deviation; LDH: lactate dehydrogenase; CRP: C-reactive protein; BUN: blood urea nitrogen. 
*Statistically significant (Wilcoxon signed ranks test).
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Median lactate dehydrogenase (LDH) significantly 
increased to from its baseline value during  
the infection.

Abnormal chest radiological findings were 
present in 25.0%, with segmental (10.0%) or multi-
segmental atelectasis (8.0%), and acute respiratory 
distress syndrome (ARDS) (7.0%). Pleural effusions 
were seen in 22.0% with 19.0% going through a mild 
course, but 3.0% had a moderate effusion.

Figure 2 shows the inter ventions and 
complications in these patients with respiratory virus 
infection. Interventions included blood transfusions 
(44.9%), non-invasive ventilation (12.8%), need for 
central venous catheter (7.3%), and urinary catheter 
(3.7%). One-third (32.1%) of these episodes were 
complicated by ACS and associated with one death. 

Overall, two patients died in this cohort and both 
the patients were infected with parainfluenza 3 virus. 
The first patient had a co-associated Salmonella and 
developed sepsis and died. The second patient had 
a co-associated ACS and developed seizures with 
neurological symptoms and bradycardia that was 
managed by implantable cardiac defibrillator, but 
the patient also died.

Figure 3 shows the spectrum of respiratory viruses 
(n = 125) observed in this study with 10.1% showing 
H1N1. The most prevalent non-H1N1 respiratory 
virus infection was rhinovirus (35.8%) followed 
by adenovirus (16.5%), influenza A (14.7%), 
respiratory syncytial virus (12.8%), influenza B 
(11.9%), parainfluenza 3 (6.4%), parainfluenza 
4 (2.8%), enterovirus (1.8%), and parainfluenza 

Table 3: Comparison of clinical presentations, radiological features, interventions, and complications 
between H1N1 infected patients (n = 10) and other respiratory viruses (n = 74).

Variables Patients with H1N1  
(VOC = 11)

n (%)

Patients without H1N1 
(VOC = 98)

n (%)

p-value
Chi-square

test

Pain 9 (81.8) 86 (87.7) 0.88*
Fever 6 (54.5) 54 (55.1) 1.00*
Cough 8 (72.7) 52 (53.1) 0.52*
Chest pain 2 (18.2) 22 (22.4) 0.38*
Reduced air entry 2 (18.2) 16 (16.3) 1.00*
Crepitations 3 (27.3) 22 (22.4) 0.77*
Rhinorrhea 4 (36.4) 12 (12.2) 0.19*
Acute chest syndrome 2 (18.2) 33 (33.7) 0.43*
Non-invasive ventilation 1 (9.1) 13 (13.3) 0.72*
Blood transfusion 4 (36.4) 45(45.9) 0.70*
Death 0 (0.0) 2 (2.0)

*Not significant (p > 0.050); VOC: vaso-occlusive crisis.
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Figure 2: Complications and interventions in sickle 
cell anemia patients with respiratory viral infections 
(n = 84; 109 vaso-occlusive crisis episodes).
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2 (1.8%). In all cases, the diagnosis of the specific 
viral infection was made by molecular studies with 
reverse-transcriptase polymerase chain reaction to 
identify the relevant viral RNA or DNA.

In 84.4%, infection was due to a single virus, 
whereas in the remaining 15.6%, multiple viral 
organisms were found. Importantly, less than a 
third of these patients with multiple viruses were 
associated with ACS (23.5%), but significantly, all 
H1N1 cases were co-associated with influenza A 
virus (100%). Additionally, bacterial co-infection in 
five instances with six different microorganisms, and 
two instances of a co-infection with both a viral and 
a fungal microorganism were also observed.

Table 3 shows the comparison of the clinical 
and radiological features, interventions, and 
complications in patients with and without H1N1 
infections. There were no statistically significant 
differences seen.

Almost all these patients received empiric 
therapy with antibiotics and antiviral agents, namely 
oseltamivir (n = 78, 92.9%), azithromycin (n = 72, 
85.7%), piperacillin/​tazobactam (n = 53, 63.1%), 
moxifloxacin (n = 52, 6.9%), and cefuroxime (n = 
40, 47.6%).

D I S C U S S I O N
The purpose of this study was to establish the 
clinical, laboratory, and radiological manifestations 
of respiratory viral infections in SCA patients, and 
assess its impact on disease morbidity and mortality, 
with a special emphasis on H1N1. Our data showed 
that these patients presented with upper respiratory 
tract infection symptoms with varying degrees of 
severity, but there were no significant differences in 
clinical presentations between the different types 
of the respiratory viruses. We observed more severe 
symptoms in patients infected with adenovirus and 
parainfluenza 3 virus. These findings were consistent 
with the previous reports on the impact of respiratory 
viruses in patients with SCA.7 Two-thirds of this 
cohort were on hydroxyurea and had a history of 
ACS. One-third had splenectomy or asplenia, with 
ACS seen in 32.1% with a low mortality. Treatment 
with hydroxyurea may have had a positive impact on 
this outcome. 

The mean age in H1N1 patients was higher 
than the non-H1N1 patient cohort (28.8 vs. 26.5 
years). There were no differences in the common 

symptoms of infection between the two groups; in 
H1N1 patients, fever and rhinorrhea were relatively 
predominant, whereas in the non-H1N1 patient’s 
painful episodes, blood transfusions, and ACS 
were more prominent, but these differences were 
not statistically significant [Table 3]. The clinical 
course in the H1N1 patients was mild with only 
two patients needing morphine and one needing 
chest physiotherapy and incentive spirometry. It was 
known that H1N1 infections were more severe in 
the older age and previous pediatric reports showed 
significant morbidity.

Although the cooperative sickle cell study from US 
demonstrated that viruses contributed to only 6.7% 
of cases of ACS,7 influenza-associated hospitalization 
in SCA is reported to be 56-times higher.12 George 
et al,16 reported that the impact of H1N1 influenza 
pandemic on SCA patients was mild, with 21% 
progressing to ACS. A prior study by Strouse et 
al,10 had also reported significant morbidity. In their 
study on H1N1 influenza patients, 34% progressed 
to ACS, requiring intensive care in 17%, while 10% 
needed mechanical ventilation. In our H1N1 cohort 
(n = 11), two (18.2%) patients progressed to ACS, 
and although none needed intensive care, one (9.1%) 
required non-invasive ventilation, but there was no 
death in this subgroup of patients. We believed that 
the overall improvement in the SCA management 
may be responsible for these improved outcomes, 
as well as the role of early institution of oseltamivir 
needs to be emphasized, as all our patients received 
it early, when the diagnosis was suspected.

Expectedly, the laboratory parameters worsened 
after infection, similar to previous studies.7,15,17 We 
found a decline in oxygen saturation and hemoglobin 
levels with development of thrombocytopenia, 
leucopenia, and lymphocytosis. In addition, there was 
significant increase in CRP and serum LDH indicating 
intense ongoing inflammation with ischemia and tissue 
infarction. These findings were similar to previous 
reports on all respiratory viruses in SCD.15

Monitoring by chest imaging was done in all 
patients, as they were most likely to trigger the 
development of ACS. Our findings showed that 
the most severe radiological changes were seen with 
adenoviruses. A study from Korea reported that 
adenovirus pneumonia progressed to ARDS in 
63%, with 50% mortality.18 Adenovirus respiratory 
infections are usually associated with bilateral patchy 
parenchymal or ground-glass opacities on chest 
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radiographs.19 The predominant radiological pattern 
seen in H1N1 infection was bilateral ground-glass 
opacities and alveolar consolidation.20 However, 
the radiological changes seen in H1N1 cases in this 
study were mild and unilateral. 

Although the number of H1N1 patients in 
this cohort was small, we feel that the improved 
management of SCA in general and specifically 
the early administration of oseltamivir may have 
played an important role here. Nevertheless, further 
larger prospective studies will be needed to explain  
these differences.

It has been found that viral infections can 
promote bacterial adherence and immune-
mediated interactions.21 Our study demonstrated 
that the co-infections were mostly detected with 
rhinovirus followed by adenovirus showing the 
highest prevalence of co-association with bacterial 
organisms. However, our study cohort showed a 
lower prevalence of bacterial co-infections (6.0%) 
than a previous study by Seo et al,22 that reported 
a prevalence of 26.5%. However, despite the low 
prevalence, there was prolonged hospital stay, more 
severe infection course, and higher mortality in these 
patients with bacterial co-infection.

C O N C LU S I O N
To the best of our knowledge, this is the first study 
from Oman that reports the impact of respiratory 
viruses on clinical, radiological, and laboratory 
manifestations in SCA patients. Our findings 
indicated that SCA patients displayed a mild course 
of H1N1 infection and the most prevalent respiratory 
virus in this cohort was rhinovirus. Fever and cough 
were the most frequent presenting symptoms, leading 
to significant anemia, reticulocytopenia, leucopenia, 
and thrombocytopenia. Also, LDH and CRP were 
significantly elevated. Nearly one-third had ACS and 
almost half required blood transfusions. Further, the 
most severe course was seen in SCA patients infected 
with adenovirus or parainfluenza 3 virus, with 
mortality associated with the latter. However, studies 
with larger numbers of patients with respiratory 
viral infections in SCA are necessary to evaluate the 
predisposing risk factors to its development.
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