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INTRODUCTION 

Childhood cancers include a variety of 

malignant tumors. The incidence 

worldwide is around 160,000 cases per 

year, with annual mortality rates 

typically around 90,000. (1) Human 

astrovirus (HAstVs) is considered to be 

the second most-common cause of 

gastroenteritis in children worldwide, 

right behind rotavirus. (2,3) Little is 

known about the prevalence of 

astrovirus gastroenteritis in immune-

compromised patients with 

hematological malignancies,(4) which 

has been regularly associated with 

hospital-acquired gastroenteritis and the 

ABSTRACT 
 
Background. The impairment of the T-lymphocyte system leads to reduced viral 
clearance, resulting in intensified disease and the possibility of prolonged infection.(2) 
The poor functioning of B lymphocytes makes the host susceptible to bacterial and viral 
infections, especially in cases of malignant disease. 

Aim of the study. The present study set out to determine the frequency of human 
astrovirus infection among patients who suffered from malignancies who were being 
treated in the Oncology Center of the Basrah Children’s Specialty Hospital. 

Patients and Method. A cross-sectional study was approved for a population of 
children with cancers during the period from October 1, 2015 through the end of 
January, 2016. Forty-five children (24 females and 21 males), all with cancers, were 
admitted to the Oncology Center of Basrah Children’s Specialty Hospital. Their ages 
ranged from under 1 year to 15 years. According to the results of a specially designed 
questionnaire, data were obtained from patients who were either symptomatic or 
asymptomatic for human astrovirus infections, including 3 newly diagnosed cases 
(before chemotherapy) and 38 cases (during chemotherapy), with the remaining 4 cases 
admitted after chemotherapy. Ninety stool samples were collected at day 0 and day 4 

after admission, and all were tested using astrovirus antigen enzyme-linked immuno 
sorbent assay (ELISA) kits (EIA-4456).  

Results. On both days, the rate of astrovirus infections was 15.6% in the hospitalized 
children with cancers, and there were no statically significant differences between 
hematological malignancies and solid tumors (P value was 0.857). Among 

hematological malignancies, astrovirus was detected at a significant rate (the P value 
was 0.0001) in patients with acute myeloblastic leukemia, while patients with solid 
tumors exhibited significant expression of rhabdomyosarcoma (the P value was 0.001).  

Astrovirus infection was more prevalent in females (85.8%) than in males (the P value 
was 0.001).  Infection was most prevalent in the age group of >1–5 years (57%), and 
most of the infected patients (85.8%) were from rural areas (the P value was 0.012). In 

most of the symptomatic infected cases (71.4%) the symptom was acute diarrhea (the P 
value was 0.05), and this was typically during chemotherapy. 

Conclusion. Astrovirus infections occur at significant rates in acute myeloblastic 
leukemia, among hematological malignancies, and in patients with rhabdomyosarcoma, 
in the solid-tumor category. Therefore, astrovirus screening should be done for all 

children with cancers, and especially for patients with acute myeloblastic leukemia or 
rhabdomyosarcoma.   
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shedding of HAstVs for sustained 

periods of time. (5)  

In the last 3 decades, the health status of 

the Iraqi people has suffered serious 

setbacks. The tragically unfortunate 

circumstances of wars and economic 

sanctions have damaged many aspects 

of life in Iraq, with adverse effects on 

physical health, nutritional status, and 

psychological wellbeing, in addition to 

a rising incidence of both 

communicable and non-communicable 

diseases, including cancer.  

Children’s cancer accounts for a higher 

percentage of cancer in developing 

countries than in high-income countries, 

owing to the greater proportion of 

children in poorer nations. Iraq is no 

exception in this regard. (6) Cancer is one 

of the leading causes of morbidity and 

mortality, and it is the second-leading 

cause of death in Iraq, according to the 

2011 results of the Iraqi registry. The 

distribution of the top ten cancers in 

Iraqi children is ranked here according 

to their frequency up to fourteen years 

of age. Leukemia comprises about 

33.11% of all childhood cancer, 26.8% 

of them from children in Basrah alone. 

(7) Acute lymphoblastic leukemia (ALL) 

and acute myeloblastic leukemia 

(AML) are the two most recurrent types 

of leukemia found in children. Central 

nervous system (CNS) cancers are the 

next-most recurrent cancers in Iraqi 

pediatric oncology, accounting for 

about 17.34% of all Iraqi childhood 

cancers. Lymphomas represent the 

third-most common type of childhood 

cancer in Iraq, according to the Iraqi 

cancer registry. Hodgkin’s lymphoma 

(HL) accounts for 6.89% of all 

childhood cancers, and non-Hodgkin’s 

lymphomas (NHL) account for 13.92% 

of all childhood malignancies. Bone 

cancers (including osteosarcoma and 

Ewing’s sarcoma) occur with a 

frequency of 5.26%; kidney cancers, 

4.85%; soft-tissue cancers, 3.62%; eye 

cancers, 2.46%; adrenal gland cancers, 

1.64%; and finally, liver cancers, 

1.16%. These data represent all cases of 

Iraqi pediatric oncology. (7)  

The immune-competent host has a 

number of complex, non-specific 

(innate) and specific (adaptive) immune 

defenses against viruses. Rare defects of 

the innate immune system are 

associated with increased susceptibility 

to viral infections. These include 

deficiencies of complement, the 

interferon system, natural killer (NK) 

cells, and phagocytic cells.(8) There are 

several mechanisms of 

immunosuppression described in 

patients burdened by cancer, 

categorized into two main subgroups: 

(1) those indirectly caused by malignant 

cells through recruitment or expansion 

of suppressive cells that are not 

themselves malignant, and (2) 

immunosuppressive effects that are 

directly caused by the de facto 

malignant cells.(9)  

In cancer, immune-suppression is 

mediated by immature myeloid cells 

(IMCs) that have been activated to 

become myeloid D-derived suppressor 

cells (MDSCs). In healthy individuals, 

IMCs constitute around 0.5% of 

circulating cells, developed in the bone 

marrow and readily differentiated into 

mature myeloid cells. However, in 

many forms of cancer, MDSCs 

accumulate as a result of a block in 

myeloid differentiation, and they up-
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regulate immunosuppressive 

mechanisms, such as arginase activity, 

nitric oxide synthase (NOS) activity, 

and reactive oxygen species (ROS) 

production.(10) The impairment of the T 

lymphocyte system leads to reduced 

viral clearance, resulting in intensified 

disease and, possibly, prolonged 

infection. Poor functioning of B 

lymphocytes makes the host susceptible 

to bacterial infections. Defects of the 

adaptive immune system can be either 

primary or secondary, and leukemia is 

considered to be a secondary cause. (8) 

Increased risk for infection is also 

associated with damaged skin or 

mucous membranes, indwelling 

catheters, and malnutrition. Invasive 

procedures present a risk for infections 

in an immunosuppressed host. Long 

hospital stays and widespread use of 

antibiotics also increase the risk of 

infections.(8) The risk of infection is 

further affected by the cause of the 

neutropenia—i.e., whether it is caused 

by bone marrow suppression or by 

increased consumption of neutrophils 

because of infection, or by some other 

cause. Infections are categorized into 

neutropenic and non-neutropenic 

infections, and the treatment of 

infection is influenced by the neutrophil 

count.(11)  

Human astroviruses (HAstVs) were first 

identified in 1975 via electron 

microscopy, in stool samples of 

newborns with gastroenteritis; they 

have been isolated from humans as well 

as from animal species.(13) HAstVs have 

eight serotypes (HAstV-1 through 

HAstV-8), built on their reactivity to 

polyclonal antibodies and on a study by 

immunofluorescence assays, 

neutralization assays, and immune 

electron microscopy (IEM).(2) 

Astrovirus-specific antibodies (as 

determined by IEM) are associated with 

shielding immunity. It is undetermined 

whether humans develop neutralizing 

antibodies to astrovirus, as has been 

established in rabbits immunized with 

astroviruses 1, 3, and 5.(15)  

Epidemiological studies conducted 

worldwide have reported the occurrence 

of HAstV infection among children 

hospitalized with diarrhea, as well as in 

the context of community-based studies. 

Overall, prevalence rates have ranged 

from 2% to 16% in hospital-based 

studies, and from 5% to 17% in 

community-acquired gastroenteritis. 

(16,17) Another study in Maya reported a 

prevalence of up to 26%. (18)  

Astrovirus-associated gastroenteritis is 

most prevalent  among children under 2 

years of age (and less prevalent among 

adults), in daycare centers,(19) in 

immunocompromised patients, and in 

the elderly in nursing homes.(20) It has 

also been found to be a common cause 

of nosocomial diarrhea, and was shown 

to be more severe among patients with 

HIV infection.(21)  

Gastroenteritis associated with 

astrovirus, like rotavirus, occurs in both 

developing and developed nations, 

suggesting that improvements in water 

and sanitation are unlikely to decrease 

disease incidence. The age distribution 

of HAstV infections may differ, 

depending on the scientific settings, 

geographic location, and the age span of 

the population studied.  

In Iraq, particularly in Basrah, HAstVs 

were detected in 2.6% of acute diarrheal 
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cases of symptomatic hospitalized 

children, with ages ranging from 1 to 3 

years old, and were not detected in 

children under 1 year of age or above 3 

years. (19)  

The seasonality of HAstV infections is 

debated and seems to differ by 

geographic region. In temperate 

environments, astrovirus diarrhea cases 

peak in winter,(22) while the seasonality 

is less clear in tropical locations. (19) 

Studies demonstrated that 34% to 60% 

of diarrhea cases among children in the 

United States, France, and Finland have 

a viral relevant agent appearing in late 

winter and spring. (23) In Korea, the 

majority of HAstV infections among 

hospitalized children occur in winter, 

simultaneously with the highest number 

of rotavirus infections,(24, 25) though 

astrovirus infections can also occur in 

the summer months. (26) HAstV 

infection can originate during any 

period of the year but mainly occurs 

during the cold season, from October to 

January. (27) In Iraq, particularly in 

Basrah, astrovirus infections were found 

in the winter and not detected in other 

seasons. (19) Infection with HAstV-2 was 

most common (42%),(28) while 

Madagascar reported a high incidence 

of the unusual HAstV-8 strain. (29)  

Transmission in children happens 

typically from person to person. (5) 

Astrovirus, like other enteric viruses, is 

spread mainly through the fecal-oral 

route (including food- and water-borne 

transmission); sporadically, it is also 

transmitted by aerosols. (15) Children 

may transmit the virus for 1–2 days 

prior to illness and 4–5 days following 

illness; nonetheless, transmission for as 

long as 3 weeks has been reported.(30,31) 

Asymptomatic secretion can occur in 

neonates and young children, and this is 

a significant cause of infection in 

nurseries, childcare centers, and 

hospitals. (32)  

The clinical features of HAstV 

infections may also rest on several 

factors. Associated diarrhea has been 

categorized by a median period of 3 

days (with a range of 1 to 21 days), with 

a median of 4 stools (ranging from 1 to 

10 stools a day), throughout the first 24 

hours. HAstV-associated diarrhea was 

less severe than rotavirus-induced 

diarrhea, as measured by the number of 

stools and duration of mild, watery 

diarrhea,(5) vomiting, and fever,  

associated with other symptoms, such as 

anorexia, abdominal pain,(13) 

dehydration, and headache. (5) No 

recurrence of symptomatic infections 

was detected.  

Few HAstV-infected children (3%) 

were hospitalized. AstV-MLB1 was not 

connected with diarrhea. However, 

other novel astroviruses were not 

assessed. Astroviruses can be associated 

with asymptomatic infections, 

sometimes requiring hospitalization, 

especially in 6- to 12-month-old babies, 

or they may be complicated for several 

weeks by a malabsorption syndrome. (15) 

Hepatitis, nephritis, and neurological 

complications were also reported. (33)  

The sensitivity of the astrovirus ELISA 

was 91%, and the specificity was 96%; 

the new ELISA provides a sensitive and 

precise means for the detection of 

astrovirus gastroenteritis (34) HAstV is 

commonly associated with hospital-

acquired gastroenteritis; it is also found 

in immunocompromised patients who 
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are known to excrete HAstVs for 

prolonged periods of time, especially in 

malignancy. (34)  The purpose of this 

study, therefore, is to define the 

incidence of astrovirus infection among 

patients with malignancy and to identify 

the relationship between types of 

malignancies and human astroviruses. 

PATIENTS AND METHOD 

A cross-sectional study was carried out 

on 45 patients with childhood cancers in 

the Oncology Center of Basrah 

Children’s Specialty Hospital. The 

study included 3 newly diagnosed cases 

with malignancy, before chemotherapy; 

38 known cases of childhood cancers, 

during chemotherapy; and 4 cases after 

chemotherapy. Patient ages ranged from 

≤ 1 year to 15 years, with 24 females and 

21 males. Ninety stool samples were 

collected at day 0 and day 4 of 

hospitalization, from patients who were 

either symptomatic or asymptomatic for 

human astrovirus infection in the period 

between October 1st, 2015, and the end 

of January 2016. All cases involved 

inpatients in the Oncology Center.  

In this study, 25 cases involved 

hematological malignancy (15 cases of 

ALL and 5 cases of AML, 3 cases of HL 

and 2 cases of NHL); 20 cases involved 

solid tumors (5 cases each of 

neuroblastoma, brain tumors, and bone 

tumors, 2 cases of germ-cell tumors, 2 

cases of rhabdomyosarcoma, and 1 case 

of Wilms’ tumor). Using a  

questionnaire designed specifically for 

the purpose of this study (see Appendix 

I), the following information was taken: 

name, gender (male or female), 

residence (urban or rural), date of birth, 

and age group. With regard to age 

group, all children were classified into 

one of four categories: (≤1, >1–5,> 5–

10, and >10–15). Education levels for 

patients’ mothers and fathers were 

determined and classified into five 

categories: illiterate, primary, 

elementary, secondary, and academy. 

The type of water supply was 

ascertained (tap water or reverse 

osmosis (RO) water), as was the type of 

feeding:  breast, bottle, or mixed (for 

ages ≤ 2 years), adult diet (for ages >2–

15 years), or mixed. For the purposes of 

this study, the autumn season was 

considered to be the months from 

September through November, and the 

winter season was considered to be the 

months from December through 

February. Also noted were the date of 

diagnosis and the type of cancer 

diagnosed (specifically, whether the 

cancers were solid tumors or 

hematological malignancies). With 

regard to clinical manifestations, the 

questionnaire noted the presence of 

diarrhea and its duration, along with the 

presence of fever, vomiting, anorexia, 

abdominal pain, dehydration, and 

headache. The chemotherapy status 

noted whether the stool samples were 

collected before, during, or after 

chemotherapy. Blood investigations 

included WBC counts and neutrophil 

counts, classified into three neutropenia 

categories: severe (<500 cell/μl), 

moderate (500–1000 cell/μl), and mild 

(1000–1500 cell/μl). (35)  

A total of 90 stool samples were 

collected from 45 children on day 0 and 

day 4 of their inpatient stays in the 

Oncology Center of the Basrah Children 

Specialty Hospital. To ensure the most 

accurate results, the samples were 
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immediately transmitted to the 

Laboratory department within 

approximately 5 minutes, and were then 

stored in a deep freezer at a temperature 

of -20°C for more than three months. 

All stored frozen samples were 

transported within 20 minutes from the 

Laboratory Unit of the Basrah 

Children’s Specialty Hospital to the 

Virology Unit of the Microbiology 

Laboratory in Basrah Medical College 

by a special incubator box.  

At Basrah Medical College, an analysis 

was conducted using astrovirus antigen 

enzyme-linked immune sorbent assay 

(ELISA) kits from DRG International 

Instruments in Germany, which 

measure the astrovirus antigen in fecal 

samples (EIA-4456). Astrovirus AG 

ELISA is a one-step enzyme 

immunoassay on the source of 

polyclonal and monoclonal antibodies, 

contrasted to astrovirus antigens. Frozen 

samples are quickly thawed, warmed to 

room temperature, and mixed well. The 

astrovirus ELISA was performed with 

specimens diluted at a 1:11 ratio. 

Diluted stool samples and horseradish 

peroxidase (HRP), considered 

monoclonal anti-astrovirus antibodies, 

were distributed simultaneously into the 

wells of microtitration plates coated 

with polyclonal anti-astrovirus 

antibodies. After an evolution time of 60 

minutes at room temperature, unbound 

components were removed by a 

washing step. HRP converts the 

subsequent extra colorless substrate 

solution of 3, 3`, 5, 5` 

tetramethylbenzidine (TMB) within a 

10-minute response time at room 

temperature, protected from light, into a 

blue product. The enzyme response is 

ended by distributing sulfuric acid into 

the wells, changing the solution from 

blue to yellow. The optical density (OD) 

of the solution read at 450/≥ 620 nm is 

straight, relative to the specifically 

bound volume of astrovirus, using an 

Huma Reader HS from the Human 

Company.  

All statistical analyses were carried out 

using the Numerical Packages for Social 

Sciences (SPSS) software, version19. 

Data were expressed by the mean ± 

standard deviation. Comparisons of 

proportions were performed by cross-

tab, using a chi-square test, when each 

cell had an expected frequency of 5 or 

more; when one or more of the cells had 

an expected frequency of less than 5, 

Fisher’s exact test was used in a 2×2 

table. Binary logistic relapse analysis 

was also done for the analysis of 

different variables, and binary logistical 

regression analysis was done for the 

analysis of different variables; odd’s 

ratio (OR) and 95% self-confidence 

breaks (CI) were assessed. For all tests, 

a P-value of <0.05 was considered to be 

statistically significant. 

RESULTS 

The classification by cancer type of the 

45 cases included in this study is shown 

in Table 1. The population of the study 

consisted of 45 patients selected from 

among children with cancer. The 

breakdown of cancer types was as 

follows:  hematological malignancies 

accounted for 55.6%, with ALL 

comprising 33.3% overall cancers; the 

remaining 44.4% of cases involved 

solid tumors, with the majority being 

made up of neuroblastomas, brain 

tumors, and bone tumors (11.1%), and 
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with the least prevalent cancer being 

Wilms’ tumor (2.2%). 

The demographic characteristics of 

pediatric oncology cases are presented 

in Table (2).  

 

Table 1. Distribution of cases according 

to cancer types 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Description of cases 

according to demographic variables  

                            

Types of cancer 

Cases 

NO. % 

Hematological                  ALL 

malignancies                    AML 

                                         HL 

                                         NHL 

15 

5 

3 

2 

33.3 

11.1 

6.7 

4.4 

                      Total  25 55.6 

Solid tumors   Neuroblastoma 

                        Brain tumors 

                        Bone tumors 

                        Germ cell tumors 

                        Rhabdomyosarcoma 

                        Wilms’ tumor 

5 

5 

5 

2 

2 

1 

11.1 

11.1 

11.1 

4.4 

4.4 

2.2 

                         Total 20 44.4 

                         Total 45 100 

Cases (Total 45)                       

             Demographics 
Percen

tage 

(%) 

Number 

(NO.) 

46.7 

53.3 

21 

24 

 Sex                            Males 

                                   Females 

2.2 

48.9 

31.1 

17.8 

1 

22 

14 

8 

Age (years)                  ≤1 

                                    >1-5 

                                    >5-10 

                                    >10-15 

33.3 

66.7 

15 

30 

Residence                   Urban 

                                    Rural 

24.4 

75.6 

11 

34 

Mother’s education     Primary 

                                    Elementary  

6.7 

35.6 

22.2 

8.9 

26.6 

3 

16 

10 

 4 

12 

Father’s education      Illiterate 

                                    Primary 

                                    Elementary 

                                    Secondary 

                 High Education Levels 

55.6 

44.4 

25 

20 

Season                        Autumn 

                                   Winter 

 

100 

 

45 

Water supply          Both RO 

types                       and Tap water                          

2.2 

 

88.9 

 

8.9 

1 

 

40 

 

4 

Dietary      Bottle for≤2 years of 

                                 age 

History     Adult diet for >2–15   

                           years of age 

                                   Both 
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Females made up a greater portion 

of the study participants than males 

(53.3% and 46.7%, respectively). 

As regards age, most of the cases 

fell into the >1–5year age group, 

while the lowest number of 

participants were in the ≤ 1-year 

group. The largest percentage of 

cases came from rural areas, with 

fewer coming from urban areas. 

Educationally, most of the patients’ 

mothers had an elementary-level 

education, while most of the fathers 

had a primary-level education; the 

smallest group being those who 

were illiterate. More patients were 

tested in autumn than in winter. 

Most were on an adult diet, and 

patients utilized both tap and RO 

water supplies.   

Classification of cases in terms of 

diarrheal manifestation as related to 

chemotherapy status at the time of 

stool sample collection is shown in 

Table 3.  

      

 

  

 

 

 

 

 

 

 

 

Table 3. Chemotherapy in relation to clinical diarrhea manifestation and its duration  

 

Patients’ groups 

Chemotherapy  

Total 

 

NO.  (%) 

 

P-Value 

 

Before 

NO.   (%) 

During 

NO.   (%) 

     After 

NO. (%) 

Diarrhea            Yes 

                                                         

                          No 

 0          0 

 

 3       100 

 18    47.4 

 

 20    52.6 

 0        0 

 

 4      100 

18     40  

 

 27     60  

 

0.05 

 

Total  3        6.7  38    84.4  4       8.9 45    100 

Diarrhea   ≤1week                 

duration         

                 >1 week 

 0          0 

 

 0          0 

18      100 

 

 0          0 

 0        0 

 

 0        0 

18     100 

 

 0        0 

 

----- 

Total  0          0 18      100  0        0 18     100 

(P value was assessed by Fisher ҆s exact test.) 
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 This table shows that 40% of cases 

involved acute diarrhea that was 

statistically significant in relation to 

chemotherapy (the P value was 0.05). 

All of these cases had stool samples 

collected during chemotherapy. The 

remaining 60% of cases did not involve 

diarrhea and had stool samples collected 

mostly during chemotherapy. The 

classification of neutrophil counts 

relating to chemotherapy status is seen 

in Table 4. This table shows that most of 

the tested patients (60.5%) who had 

neutrophil counts in the range of 

>1000–1500 cell/µl were undergoing 

chemotherapy, while the lowest number 

 

(11.1%) represents neutrophil counts of 

≤500 cell/µl, where there was no 

statistically significant relationship 

between chemotherapy and the 

neutrophil count (the P value was 0.7).    

The frequency of astrovirus infection in 

all 45 tested cases of children with 

cancer is shown in Table 5. In this table, 

we see that the rate of astrovirus 

infection in the selected group of 

children with cancers was 15.6%. 

Astrovirus infection was detected by 

Astrovirus Ag. ELISA (EIA-4456) done 

on stool samples, and similar positive 

results were found on day 0 and day 4 of 

hospitalization. 

  

Table 4. Neutrophil count in relation to chemotherapy 

  

 

 

Investigation  

Chemotherapy   

Total  

NO.  (%) 

 

P-

Value 

Before 

NO.   (%)  

During 

NO.   (%)  

After  

NO.   (%) 

Neutrophil     ≤500 

 counts         

              >500–1000 

                    

            >1000–1500 

 0           0 

 

 1       33.3 

 

 2       66.7 

4       10.5 

 

11        29 

 

23      60.5 

1          25 

 

 0          0 

 

 3         75 

  5      11.1 

 

 12    26.7 

 

 28    62.2 

 

 

0.7 

Total  3        6.7 38     84.4 4      8.9 45     100 
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Table 5. Frequency of astrovirus infection among children with cancers 

 

 

 

 

      

 

 

 

 

The frequency of astrovirus infection with different types of malignancies is shown in 

Table 6. 

Table 6. Distribution of astrovirus infection according to types of childhood cancers  

 

Types of cancers  

Tested  

   NO. 

Astrovirus Ag. ELISA Total 

+ve 

(%) 

 

P-

value 

+ve 

NO.   (%) 

     -ve 

NO.    (%) 

 H
em

a
to

lo
g

ic
a

l 
 m

a
li

g
n

a
n

c
y

 

ALL 

 

AML 

 

HL 

 

NHL 

15 

 

5 

 

3 

 

2 

1        6.7 

 

2          40 

 

1        33.3 

 

0           0 

14       93.3 

 

 3          60 

 

 2        66.7 

 

 2          100 

14.3 

 

28.5 

 

14.3 

 

0 

 

 

0.001 

 

 

 

 

Total 25 4          16  21         84 57.1 0.857 

Astrovirus 

Ag. ELISA 

tests 

                

Day 0 

             

Day 4 

No.                 

(%) 

No.                 

(%) 

             

Positive  

             

              

Negative 

   

7                    

15. 6 

 

38                   

84.4 

  

7                    

15. 6 

 

38                   

84.4 

     Total  45                   

100 

45                    

100 
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 S

o
li

d
 t

u
m

o
r
s 

  

Neuroblastoma 

Brain tumors  

Bone tumors 

Germ cell tumors 

Rhabdomyosarcoma 

Wilms’ tumor 

5 

5 

5 

2 

2 

      1 

1           20 

0            0 

1          20 

0            0 

1           50 

0            0 

 4           80 

 5          100 

 4           80 

 2          100 

1         50 

 1          100 

14.3 

0 

14.3 

0 

14.3 

0 

 

 

 

 

0.001         

Total  20  3         15  17         85 42.9 

 Total     45  7       15.6 38        84.4 100 

 (.P value was assessed by Fisher ҆s exact test )٭                   

 

 

 

According to the classification in this 

table, in hematological malignancies, 

the frequency of astrovirus infection 

was predominant and statistically 

significant (the P value was 0.001) in 

cases involving AML, while in patients 

with solid tumors, astrovirus infections 

were more prominent and statistically 

significant (the P value was 0.001) in 

children with rhabdomyosarcoma. 

There were no statistically significant 

differences for astrovirus infections 

between hematological and solid tumors 

(the P value was 0.857). 

     

 

 

 

 

 

The effect of demographic factors on 

the distribution of astrovirus infection 

among children with malignancy are 

shown in Table 7. This table shows that 

the rate of astrovirus infections was 

statistically significant in females (the P 

value was 0.001) and in patients who 

come from rural areas (the P value was 

0.012), while it was not statistically 

significant for other demographic 

indices included in the study.       

Association of diarrheal manifestation, 

neutrophil counts, and chemotherapy 

with astrovirus infection in this selected 

group is presented in Table 8. 
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Table 7. Distribution of astrovirus infection among children with cancers by 

demographic indices 

 

     Demographics 

 

Tested  

   NO. 

 Astrovirus Ag ELISA  Total  

  +ve 

  (%) 

 

P-value       +ve 

NO.  (%) 

     -ve 

NO.     (%) 

Gender            Males  

                        Females 

21 

24 

1         4.8 

6          25 

20      95.2 

18        75 

14.2 

85.8 

 

0.001 

Age (year)         ≤1 

                          >1–5 

                          >5–10 

                          >10–15 

1 

22 

14 

8 

0          0 

4       18.2 

2       14.3 

1       12.5 

1        100 

18      18.8 

12       85.7 

 7        87.5 

0 

57% 

28.8 

14.2 

 

 

0.627 

Residence       Urban 

                        Rural  

    15 

30 

1         6.7 

6        20 

14       93.3 

24        80 

14.2 

85.8 

 

0.012 

Season             Autumn  

                        Winter      

20 

25 

2         10 

5         20 

18        90 

20        80 

28.6 

71.4 

 

0.068 

Mother’s          Primary 

education         Elementary 

11 

34 

2       18.2 

5       14.7 

 9         81.8 

29        85.3 

  28.6 

  71.4 

 

0.782 

Father’s           Illiterate 

education        Primary 

                       Elementary 

                       Secondary 

                       Academy 

3 

16 

10 

4 

12 

1       33.3 

2       12.5 

1        10 

0         0 

3        25 

 2       66.14        

14       87.5  

 9         90 

 4        100 

 9        85.3 

14.3 

28.5 

14.3 

0 

42.9 

 

0.623 

Water supply   Both RO 

types                and Tap water                

45 7       15.6  38       84.4       100   ---- 

Feeding        Bottle 

                    for ≤2years age 

type             Diet of adults 

                    for >2–15years 
age 

                    Both  

1 

 

40 

 

4 

0         0 

 

6         15 

 

1         25 

 1       100 

 

34        85 

  

3         75 

0 

 

85.7 

 

14.3 

 

 

0.782 

Total/demographic  45 7/45 15.6 38/45  84.4    100  

 (.P value was assessed by Fisher ҆s exact test ) ٭              
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Table 8. Distribution of astrovirus infection among children with cancers by selected 

variables 

 

Patient groups 

 

 

 

Tested  

NO. 

 

Astrovirus Ag ELISA 

 

Total 

+ve% 

 

P- 

value 
+ve 

NO.        % 

      -ve 

NO.        % 

Diarrhea           Yes 

                          No  

18 

27 

 5         27.8 

  2            7.4 

13        72.2 

25         92.6 

71.4 

28.6 

 

0.05 

Neutrophil      ≤500 

counts   >500–1000 

            >1000–1500 

5 

12 

28 

  0              0 

  3             25 

  4          14.3 

 5          100 

 9           75 

24         85.7 

0 

42.9 

57.1 

 

0.413 

Chemo         Before 

-therapy       During 

                    After                                         

3 

38 

4 

  0              0 

  7         18.4 

  0              0 

3           100 

31         81.6 

4           100 

0 

100 

0 

 

0.480 

Total 45   7          15.6 38        84.4 100  

 (.P value was assessed by Fisher ҆s exact test )٭                        

 

Table 8 shows that most of the cases of 

infection (71.4%) had the manifestation 

of diarrhea at a statistically significant 

level (the P value was 0.05), while the 

remainder of infected patients (28.6%) 

were asymptomatic (i.e., had no 

diarrhea). Astrovirus infections were 

presented mainly (57.1%) in patients 

with neutrophil counts >1000–1500 

cell/µl, with results that were not 

statistically significant (the P value was 

0.413); while none had been detected in 

patients with neutrophil counts ≤ 500 

cell/µl. All of the infected cases were 

found during chemotherapy and were 

not statistically significant (the P value 

was 0.480). The associated clinical 

manifestations in the 5 symptomatic 

infected children are shown in Table 9. 
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Table 9. Frequency of clinical 

manifestations in symptomatic 

astrovirus infections among pediatric 

oncology patients 

 

    

 

 

 

 

The rates of clinical manifestations 

associated with symptomatic astrovirus 

infections in pediatric cancers are 

shown in Table 9. Both diarrhea and 

anorexia were registered in all patients. 

In most cases, these were accompanied 

by fever and abdominal pain. Vomiting 

was less common, and the least 

commonly reported symptom was 

headache; dehydration was not detected 

in the study. The selected variables 

included in the study were subjected to 

logistical regression analysis to adjust 

the possible confounders and determine 

the risk factors associated with 

astrovirus infection in pediatric cancer, 

as seen in Table 10.  

 

 

 

 

 

 

 

 

 

 

 

Clinical 

manifestations 

 

NO./Total 

 

(%) 

Diarrhea 5 100 

Anorexia 5 100 

Fever 4 80 

Abdominal pain 4 80 

Vomiting 3 60 

Headache 2 40 

Dehydration 0 0 

Disclaimer.        The author has no conflicts of interest to declare. 
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Table 10. Logistic regression analysis for selected variables related to astrovirus 

infection among children with cancers 

 

 

 

 

 

      

Three independent risk factors of 

astrovirus infection are shown here to 

have highly significant results: first is 

female gender; this is followed by rural 

residence; third is acute myeloblastic 

leukemia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

In childhood cancers, immune 

suppression may be induced either by 

cancer itself or by cancer treatments, 

leading to increased susceptibilities to 

infection by various pathogens. These, 

in turn, may not only contribute to 

prolonged hospitalization but even to 

mortality. (8) The seriousness of 

astrovirus gastroenteritis in this area 

was not previously well recognized, and 

little was known about its prevalence 

 

Independent 

variable 

95% confidence interval  

OR 

 

P-value  Lower bound Upper bound 

Female gender 0.190 0.890 0.190 0.02 

Rural residence 1.202 5.400 1.473 0.024 

Acute myeloblastic 

leukemia 

1.031 2.324 1.521 0.029 

Season 2.590 11.384 4.302 0.358 

Age 0.173 4.077 0.840 0.946 

Mother’s education 0.340 1.728 0.767 0.522 

Father’s education 0.139 8.622 0.345 0.371 

Feeding type 0.012 4.545 0.229 0.785 

Neutrophil count 0.265 5.575 1.210 0.411 

Chemotherapy 0.023 17.733 0.632 0.788 
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among patients who complained of 

immune-compromising hematologic 

malignancies, and who were found to 

defecate human astrovirus for 

prolonged periods of time. (4) 

In the present study, the frequency of 

human astrovirus infection was 15.6% 

among hospitalized patients on day 0 

and day 4 of their hospitalization, in 

comparison to the general population. 

These findings were similar to the 

results of a study undertaken in the town 

of Ahvaz (Iran) by Mozhgani et al.,(36) 

among children hospitalized with 

gastroenteritis who were non-cancer 

patients. The similarity in the results 

may be the result of unfortunate 

unhygienic conditions. In contrast, the 

results of previous studies on human 

astrovirus infection rates were 2.6% in 

Iraq, as reported by Thewiny et al.,(19)  

and  9.2% in Saudi Arabia, as reported 

by Meqdam et al.(37) Among children 

with gastroenteritis in the general 

population, while a higher rate of 

astrovirus infection (19.8%) was 

reported by Chen et al.(38)  in northern 

Taiwan among children with serious 

gastroenteritis, this increase in the rate 

of astrovirus infections among patients 

with cancers might be the result of an 

impairment of immunity induced either 

by the cancers themselves or by the 

cancer treatments, leading to an 

increased susceptibility to infection.  

In this study, the rate of human 

astrovirus infection was higher in 

patients with hematological 

malignancies than in those with solid 

tumors, but the difference was not 

statistically significant. Within 

hematological malignancies, the rate of 

human astrovirus infection was 

significantly higher among leukemic 

children who had AML, while in solid 

tumors the rate of human astrovirus 

infection was significant in patients with 

rhabdomyosarcoma. Previously, there 

was only one case,  reported by Coppo 

et al.,(4) in which severe astrovirus 

gastroenteritis was found in a 56-year-

old male patient in France who had 

chronic lymphocytic leukemia.  

As regards gender, astrovirus infections 

were significantly more common in 

females than in males. This finding was 

similar to the analytical result of another 

study, conducted in Korea by Ham et 

al.,(39) among children of the general 

population. This is, however, in contrast 

with previous results, reported in Iraq by 

Thewiny et al.,(19) and in India by 

Bhattacharya et al.(40)  In these latter 

studies, gender was not shown to have a 

significant effect on the rate of 

astrovirus infection among children in 

the general population who suffered 

from acute diarrhea.  These differences 

leave it unclear why the rate of human 

astrovirus infection is higher in females 

than males among pediatric cancer 

patients. 

Regarding age, human astrovirus 

infection rates were mostly identified 

among children with cancers in the age 

group of >1–5 years, though this was 

found not to be statistically significant. 

This finding is in agreement with the 

results of a study in Pakistan, conducted 

by Phan et al.,(41) in which it was 
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observed that astrovirus infection could 

be detected in children of all age groups 

in the general population, but with a 

somewhat higher detection rate up to 24 

months of age. This finding is in 

contrast to the studies conducted by 

Thewiny et al.,(19) and by Guix,(42)  in 

which astrovirus infections were not 

detected in children over the age of 3 

years. Meanwhile, in Saudi Arabia, 

Meqdam et al. (36) found astrovirus 

infection most in children aged ≤ 1 year. 

The results of the present study, which 

detected human astrovirus infection in 

children with cancers, may be explained 

by their lack of immunity against 

infections, or by re-infection caused 

either by cancer itself or by 

chemotherapy.  

Human astrovirus infections have been 

shown, in this study, to have greater 

prominence among patients from rural 

areas than those from urban areas, 

which may be due to poor hygienic 

conditions. This finding may also 

suggest that astrovirus is endemic in 

these areas, as was found in Ahvaz by 

Mozhgani et al.,(36) and in Egypt by 

Naficy et al. (43)   

With regard to the seasons, the rate of 

human astrovirus infection was found to 

be higher during winter than in autumn, 

though, in patients with cancer, this 

difference was not statistically 

significant. This finding was similar to 

the somewhat higher rate of infection 

observed in Iran by Maham et al.(14) It is, 

though, in disagreement with an earlier 

study in Iraq, conducted by Thewiny et 

al.,(19) in which all human astrovirus 

infections were detected in children of 

the general population with acute 

diarrhea only in winter. The reason for 

the different seasonal astrovirus patterns 

was unclear, though it may be due to the 

small number of cases detected and the 

short duration of the study. This left us 

unable to determine whether the pattern 

of human astrovirus contamination 

among children with cancers in Iraq is 

seasonal or not. 

The frequency of human astrovirus 

infection was not shown to have a 

statistically significant correlation with 

the educational levels of patients’ 

parents. This result was in agreement 

with the findings reported in Nigeria by 

Maryam et al.,(44) which showed no 

statically significant relationship 

between parents’ literacy levels and the 

distribution rate of astrovirus infections.  

Regarding the types of water supply and 

feeding varieties, we found no 

significant relevance to the propagation 

of astrovirus infection among children 

with cancers. This may be due to the fact 

that it was a hospital-acquired infection. 

This finding is in agreement with the 

observations in children of the general 

population in Georgia made by 

Dennehy et al.(45)  However, it contrasts 

with a study in Korea conducted by 

Joeng et al.,(5) in which it was reported 

that poor food and unsanitary water 

supplies  increased the incidence rate of 

astrovirus gastroenteritis in children of 

the general population. 

Most cases of infection were significant, 

with acute diarrhea manifested in all 

symptomatic infected patients. A 
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smaller percentage of patients had an 

asymptomatic infection (i.e., infection 

without diarrhea), and this should be 

taken seriously as it may suggest a role 

in the distribution of the infection 

among children with cancer, or to others 

in the general population. It may be due 

to a failure to produce anti-astrovirus 

antibodies as a protective mechanism 

against astrovirus infections (or re-

infection) among children with cancers. 

This finding is in agreement with the 

analytical results of a study conducted 

among the general population in Brazil 

by Gabbay et al.(46) However, it 

disagrees with the results of Thewiny et 

al.(19)  and Meqdam et al.,(37) who 

identified astrovirus infections only 

among symptomatic children of the 

general population. 

Other clinical manifestations were 

detected in symptomatic infected 

patients with childhood cancers, 

including anorexia in 100% of the 

patients in the study, fever and 

abdominal pain in 80%, vomiting in 

60%, and headache in 40%. Similar 

findings were recorded in many studies, 

though differing in frequency. In 

relation to dehydration semblances, 

which were not identified among the 

infected cases in our study, our findings 

contrast with the results of a study 

conducted in Iraq by Thewiny et al.,(19) 

as well as those of a study conducted in 

Egypt by  Naficy et al.(45) These latter 

two studies reported high rates of 

dehydration among children of the 

general population suffering from 

astrovirus gastroenteritis.  The 

difference in findings may be due to 

sufficient fluid replacement in 

hospitalized patients. 

Astrovirus infection rates were not 

related in a statistically significant way 

to neutrophil counts, because 

neutrophils played no role in the defense 

mechanism against astrovirus 

infections. Neutrophils were only 

slightly diminished, suggesting T-cell 

depletion, which had an important role 

in the defense mechanism against 

astrovirus infections, especially in 

cancer patients. (4) This finding is in 

contrast to the results of the study 

conducted among human 

immunodeficiency virus-infected 

children in Venezuela by Liste et al. (47) 

In that study, astrovirus gastroenteritis 

was found to be responsible for 

prolonged diarrhea, due to impaired T-

cell functions. 

All of the cases of astrovirus infection 

were detected during chemotherapy, 

though this was not statically 

significant. This finding is in contrast 

with the results of a case report study 

done by Coppo et al.,(4) which suggested 

that astrovirus needs to be considered as 

an etiological agent of gastroenteritis in 

immunocompromised patients, 

particularly in those treated with 

fludarabine monophosphate. 

There were three independent risk 

factors shown to increase the frequency 

of astrovirus infection with highly 

significant results. These were, first, 

female gender, followed by rural 

residence, and lastly acute myeloblastic 

leukemia. 
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In this study, astrovirus infections 

among children with cancers were 

detected at a significant rate in cases of 

hematological malignancy, especially 

acute myeloblastic leukemia and 

rhabdomyosarcoma. Therefore, 

preventive and control measures are 

needed to prevent transmission of 

infections from patients to others. 

Furthermore, an extended study with 

large sample size is needed in the future 

in order to determine the significance of 

astrovirus infection among children 

with other types of cancers.    
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