Epidemiology, Clinical Variation and Out Come Of Childhood Hemolytic Uremic Syndrome at our university Pediatric Nephrology Unit. 
 
Abstract 
Background: Hemolytic uremic syndrome (HUS) is a thrombotic microangiopathy and a major cause of acute kidney injury in children, representing a heterogeneous group of disorders with different pathophysiology and outcomes, including Shiga toxin–producing Escherichia coli–associated HUS (STEC-HUS) ,post-streptococcus HUS and atypical HUS due to complement dysregulation. Aim: To evaluate the clinical characteristics, prognostic factors and outcome of HUS in children younger than 16 years. Methods: This cohort study included 43 children under 16 years  who presented with HUS at the pediatric nephrology unit. Patients were classified into two groups: typical HUS with a diarrheal prodroma (Group A) and atypical HUS without preceding diarrhea (Group B).Results: Group A included 23 patients (53%), while Group B included 20 patients (47%). Males represented (67.4%) while females(32.6%). Complete recovery was significantly more frequent in typical HUS than atypical HUS (61% vs. 30%, p < 0.005). In contrast, chronic kidney disease  (55% vs. 21%), proteinuria (75% vs. 30%), and hypertension (90% vs. 65%) were significantly more in atypical HUS. Receiver operating characteristic (ROC) curve analysis showed that a C3 cutoff value of 68 mg/dL predicted chronicity in atypical HUS with a sensitivity of 72%, specificity of 44%, and (AUC) of 0.667. A factor H cutoff value of 51 mg/L demonstrated a sensitivity of 68%, specificity of 55%, and AUC of 0.606. Conclusion: Typical HUS was associated with better renal recovery, while atypical HUS showed worse renal outcomes with higher rates of CKD, proteinuria, and hypertension. Mortality was significantly associated with younger age and convulsions.  
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1. Introduction 
Hemolytic uremic syndrome is the most common thrombotic microangiopathy in pediatric age group, one of the most common cause of acute kidney injury in childhood worldwide (1) 
HUS criteria characterized by microangiopathic hemolytic anemia in the form  of acute drop of hemoglobin level below 10 gm/dl with significant levels of one of hemolytic markers as increasing LDH >450 u/l or consumed haptoglobin or increasing corrected reticulocyte count, with sign of microangiopathy in the form of presence of peripheral blood film schistocyte with significant level >2%, thrombocytopenia in the form of decreasing platelet count below 150000 or decreasing number by 25% from baseline and acute kidney injury and or extra renal end organ damage.(2) 
HUS classification by  diarrhea positive  and diarrhea negative  is misleading as diarrhea may be trigger factor  and present in also  atypical HUS  and also can be bloody diarrhea can be noticed in about 30% of atypical cases (3)  
There are many different classification systems for HUS which have been developed. (figure 1) 
The most common cause representing 85-90% of HUS is Shiga toxin induced HUS caused by entero-hemorrhagic E.coli (EHEC) or Shigella dysenteriae, most seen in children under 5 years. approximately 5-10% of children with sporadic STEC  infection develop HUS and may even reach to 20% in out breaks  (4) 
Early volume expander during the diarrheal phase have shown better outcome particularly neurological complications ,although fluid overload is an important predictor of mortality ,so judicious adjustment of fluid is recommended (5) 
Most children with typical HUS recover fully, even though long term follow up is recommended by cohort studies reported presence of sequelae of decreased GFR, proteinuria and hypertension after five or ten years follow up even with normality at 1 year follow up (6) 
The incidence of HUS following invasive pneumococcal infections representing about 5% of all HUS cases. It usually occurs after pneumonia (complicated with empyema) or meningitis. Children with SP-HUS are younger, and usually have more severe renal outcome compared to  those with STEC-HUS with higher mortality rate.  (7)
Atypical HUS (a-HUS) is an aggressive, lethal if left untreated, due to genetic or acquired complement dysregulation , about quarter of patients developed death in the 
acute phase, and up to half progress to end-stage kidney disease ( 8)                                                                                        
Most complement-mediated HUS cases are genetic mutations of complement factors representing at least 50-60 %. Antibodies to complement proteins have been implicated for about 6 to 10 percent of patients with complement-mediated HUS, patients may have concurrent genetic mutations and antibodies to complement proteins  (9) 
CFH-related proteins (CFHR) are the most frequently identified genetic abnormalities seen in patients with complement-mediated HUS representing up to 30%. CFH in conjunction with complement factor I (CFI) competes with complement factor B (CFB) for C3b binding and accelerates C3 convertase decay.,(10)
 Patients with CFH variants have the worst outcome of all of the patients with complement mediated HUS. The natural course of this disease results in 60 to 70 percent of patients progressing to kidney failure or death within one year of presentation ,also, there is a high rate of recurrent disease in patients who undergo kidney transplantation (11) 
Eculizumab remains the standard first line therapy for pediatric a-HUS ,it inhibits terminal complement activation by blocking C5,preventing formation of the membrane attack complex and halting thrombotic microangiopathy ,it improves renal and hematological out come  and associated with low mortality (12) 


2. Patients and Methods 
Study design: This hospital-based prospective observational study was conducted on children diagnosed with hemolytic uremic syndrome (HUS) who were admitted to the Pediatric Nephrology Unit at our university hospital. The study was carried out over a two-year period from November 2023 to October 2025 after approval by the institutional ethical committee. Written informed consent was obtained from the parents or legal guardians of all participants. A total of 43 patients were enrolled, including cases  which were admitted either to the pediatric ward or pediatric intensive care unit according to their clinical condition.
Inclusion and exclusion criteria: Eligible patients included children beyond the neonatal period up to 16 years of age who fulfilled the diagnostic criteria for HUS  based on the presence of the classical triad of microangiopathic hemolytic anemia, thrombocytopenia, and acute kidney injury. Hemolytic anemia was defined by hemoglobin levels below the age-specific normal range and/or laboratory evidence of hemolysis, including the presence of schistocytes, elevated reticulocyte count, and increased serum lactate dehydrogenase levels. Thrombocytopenia was defined as a platelet count less than 150,000/mm³. Acute kidney injury was diagnosed by elevated serum creatinine above the age-specific normal range, microscopic hematuria, and/or proteinuria. Exclusion criteria included neonates, patients older than 16 years, patients with incomplete follow-up, and cases of HUS secondary to systemic diseases such as systemic lupus erythematosus, drug-induced HUS, post-transplantation HUS, thrombotic thrombocytopenic purpura (TTP), or disseminated intravascular coagulation (DIC).
Clinical assessment :All patients underwent detailed history taking with emphasis on onset and duration of illness, history of bloody diarrhea, oliguria or anuria, recent infections, similar illness in the family, recurrence, previous blood transfusions, or unexplained anemia. A thorough clinical examination was performed, including general and local examination, vital signs, level of consciousness, and anthropometric measurements. Based on clinical criteria, patients were subdivided into two groups: Group A included patients with typical HUS presenting with prodromal diarrhea, while Group B included patients with atypical HUS characterized by absence of prodromal diarrhea and/or history of recurrence.
Laboratory investigations  were done, seven ml of venous whole blood withdrawn in an entire aseptic environment from each participant and distributed as 4ml were evacuated into a serum separator tube and were left for 30 min till clotting then centrifuged at 1500×g for 10 min. The separated serum was employed for the estimation of kidney function (Urea - Creatinine), liver function (ALT- AST, albumin, indirect bilirubin& LDH ) and CRP using a chemical auto analyzer (Abbott, Architect c4000 Serial No.02p24-01, Japan.) according to manufacturers instruction . Serum complement components C3 and C4 were quantified by immunoturbidimetric assay. E GFR was calculated from serum creatinine levels using the CKD-EPI equation, adjusted for age and sex, EDTA blood tube and was used for CBC using a blood counter (Sysmex Xs800, Japan, Serial No. 63387) and blood film was done and stained  with Leishman stain then reticulocyte stained with brilliant cresyl blue, and counted manually, The direct antiglobulin test (DAT) was performed on EDTA anticoagulated blood ,using reagent red cells and antihuman globulin reagent On citrated plasma ESR was measured using the Westergren method and  D-dimer levels were determined using an immune turbid metric assay. Urine albumin–creatinine ratio (UACR) was determined from spot urine samples . In stool sample , Shiga toxin– producing Escherichia coli (STEC) was performed using Human Vero toxin 1 +2 (Shiga Toxin 1 +2) ELISA Kit.  Cat No. MBS2611777. Supplied by My BioSource, Inc., USA. Detection range was 0.156 ng/mL-10 ng/mL and Sensitivity the minimum detectable Human Shiga Toxin 1 +2 up to 0.05 ng/mL Measurement of ADAMT13 level was done using Assay Max™ Human ADAMTS13 ELISA Kit. Catalog No. EA2550-1 supplied by ( Assay PRO, USA). Normal human ADAMTS13  serum levels range from 400 – 1800 ng/ ml. Human complement factor (H) was done using Assay Max™ Human Complement Factor H ELISA Kit. Catalog No. EF7055-1 supplied by (Assay PRO, USA ) . Normal human CFH plasma and serum levels range from 300 – 800 µg/ml. Anti -complement factor H was done using ELISA-VIDITEST anti-complement factor H,ODZ-166 supplied by VIDIA spol. Sr .o., Czech Republic, Samples with concentrations lower than 3.9 AU/mL (the lowest standard) interpret as <3.9 AU/mL of anti-CFH IgG. Samples with concentrations higher than 250 AU/mL interpret as >250 AU/mL .
Follow-up and outcomes
Patients were followed for a period of three months. Outcomes assessed included recovery, development of chronic kidney disease, persistence of proteinuria or hypertension, need for chronic dialysis, requirement for renal replacement therapy or plasmapheresis, and mortality. Renal and extra renal complications were also recorded during the follow-up period.
Ethical approval 
The study duration was from November 2023 till the end of October 2025 after obtaining the acceptance from Institutional Research Board at our university (code no MD.4-9-2023) and obtaining written informed consent from all the participants ,including data about aim of work ,study design ,site ,time  ,subject ,tool and confidentiality . 
Statistical analysis 
The data were examined and coded. The Statistical Package for Social Sciences program was used to do statistical analysis on these numerical codes Version 22 (SPSS 22).Quantitative variables were described using their means and standard deviations or median and range according to type of data. Independent student t-test and Mann- Whitney U test for comparison of numerical data between 2 groups, One way ANOVA for comparison of numerical data between more than 2 groups, Chi-square test for comparison of non-numerical data. Receiver operating characteristic curves (ROC) were used to identify sensitivity, specificity and determine optimal cutoff points of initial factor H for prediction of chronicity and mortality in pediatric HUS. P >0.05 was considered non-significant  .p<0.05 was considered statistically significant and p<0.001 was highly significant 

3. Results 
The present study included 43 children diagnosed with hemolytic uremic syndrome (HUS); 29 patients (67.4%) were males and 14 (32.6%) were females. Their ages ranged from 6 months to 13 years, with a median age of 24 months. Typical HUS (Group A) was identified in 23 patients (53.5%), whereas atypical HUS (Group B) was diagnosed in 20 patients (46.5%) (Table 1).
Regarding outcomes, 14 patients (60%) in the typical HUS group achieved complete recovery, while 5 patients (21%) developed chronic kidney disease (CKD). No cases of end-stage renal disease (ESRD) were recorded in this group, and 4 patients (17%) did not survive. In contrast, only 6 patients (30%) with atypical HUS showed complete recovery, whereas 11 patients (55%) developed CKD, 2 patients (10%) progressed to ESRD requiring regular dialysis, and 1 patient (5%) died (Figure 2).
Children with atypical HUS were significantly older than those with typical HUS (7.8 ± 1.2 years vs. 1.25 ± 0.3 years, p < 0.001). Typical HUS was strongly associated with bloody diarrhea (92% vs. 0%, p < 0.001), fever (p < 0.05), and dehydration (p < 0.05). In contrast, atypical HUS was associated with a higher frequency of edema (90% vs. 43.4%, p < 0.05), respiratory symptoms including cough (p < 0.05), and respiratory distress (p < 0.05). No statistically significant differences were observed between the two groups regarding sex distribution, vomiting, oliguria, anuria, or neurological manifestations (Table 2).
Laboratory findings revealed no significant differences between the two groups in baseline hematological parameters, including hemoglobin level, platelet count, leukocyte count, and lactate dehydrogenase (LDH). However, hematological recovery was significantly delayed in atypical HUS, with longer times to hemoglobin and platelet remission compared to typical HUS (p < 0.05). In addition, atypical HUS patients demonstrated significantly higher erythrocyte sedimentation rate (ESR) values (135.3 ± 12.2 vs. 57.6 ± 6.3 mm/Hr, p < 0.001), lower serum C3 levels (p < 0.05), and lower serum sodium levels (p < 0.05). Renal function indices, liver function tests, and other electrolyte levels did not differ significantly at presentation between the two groups (Table 3).
Patients with atypical HUS required significantly more antihypertensive medications (p < 0.05)  and immunosuppressive therapy (p < 0.01). They also experienced longer dialysis duration (p < 0.05), higher pediatric intensive care unit (PICU) admission rates (p < 0.05), prolonged hospital stay (p < 0.01),  Complete recovery was significantly more common in typical HUS (61% vs. 30%, p < 0.05), whereas proteinuria, hypertension, and CKD were significantly more frequent in atypical HUS (p < 0.05) (Table 4).
Analysis of predictors of CKD versus complete recovery showed that CKD was significantly associated with atypical HUS (p < 0.05), convulsions (p < 0.05), hypertension (p < 0.05), edema (p < 0.01), and impaired renal function at presentation, including elevated serum creatinine (p < 0.05), reduced glomerular filtration rate (GFR) (p < 0.01), hyponatremia (p < 0.01), and low serum C3 levels (p < 0.01). Conversely, presentation with oliguria was more frequently associated with recovery than with CKD (p < 0.01) (Table 5).
Mortality was significantly associated with younger age (p < 0.05), typical HUS (p < 0.05), convulsions (p < 0.01), dermatological manifestations (p < 0.01), and gastrointestinal complications (p < 0.001). Non-survivors exhibited more severe anemia, thrombocytopenia, renal impairment, hyperkalemia, hypoalbuminemia, elevated LDH levels, and markedly reduced serum C3 levels (all p < 0.05 (Table 6).
Positive stool culture and Shiga toxin testing showed poor predictive performance for mortality in typical HUS cases. In contrast, initial GFR demonstrated excellent predictive accuracy (AUC = 0.981) (Table7).
In atypical HUS cases, ROC curve analysis revealed that serum C3, factor H levels, and initial GFR were associated with an increased risk of chronicity, with moderate diagnostic performance. The cutoff values were 68, 51, and 12.5, respectively, with sensitivities of 72%, 68%, and 72%, specificities of 44%, 55%, and 33%, and AUC values of 0.667, 0.606, and 0.667, respectively (Table 8, Figure 3).
Furthermore, ROC curve analysis for mortality prediction demonstrated that initial GFR had the highest predictive accuracy, with its curve closest to the upper left corner, indicating optimal sensitivity and specificity. Serum C3 showed good discriminative ability, while factor H demonstrated poor discrimination when used as an isolated predictor of mortality (Figure 4).


Table 1: study descriptive overview  
	Total study population  
	43 

	Age (in months) 
	Min : 6 

	
	Max : 165  

	
	Median : 24  

	Gender  
	Males: 29 (67.4%) 

	
	Females :14 (32.6%) 

	HUS type 
	Typical :23 (53.5%) 

	
	A-typical : 20 (46.5%) 


 
Table 2: Clinical Characteristics and Systemic Manifestations in Typical HUS
(Group A) vs Atypical (Group B) . 
	Clinical parameters 
	Group A
N= 23
	Group C
N= 20
	X2 /t    
	P

	Demographics 
	Male
	16(70%)
	13(65%)
	0.0102
	0.750

	
	Females 
	7 (30%)
	7(35%)
	
	

	
	Age(years)
	1.25±0.3
	7.8±1.2
	10.5
	<0.001*

	General 
	Fever
	23(100%)
	15(75%)
	6.5
	<0.05*

	
	Dehydration
	10(43.4%)
	3(15%)
	4.1
	<0.05*

	Gastrointestinal 
	Vomiting
	20(86.9%)
	15(75%)
	1.0
	0.315

	
	Bloody diarrhea
	21(92%)
	0(0%)
	43
	<0.001*

	
	Watery diarrhea
	2(8%)
	0(0%)
	1.8
	0.177

	
	Jaundice
	16(69.5%)
	16 (80%)
	0.6
	0.43

	Renal 
	Dark urine
	14(60.8%)
	13(65%)
	0.07
	0.780

	
	Oliguria
	16 (70%)
	12(60%)
	0.05
	0.818

	
	Anuria
	7(30%)
	8(40%)
	0.6
	0.425

	
	Edema
	13 (34.4%)
	18(90%)
	5.9
	<0.05*

	
	Hypertension
	15(65%)
	18(90%)
	3.6
	0.55

	Neurological 
	Disturbed conscious
	3(13%)
	0(0%)
	2.8
	0.094

	
	Convulsion
	8(34%)
	7(35%)
	2.2
	0.988

	Hematology 
	Purpura
	7(30%)
	6(30%)
	9.5
	0.795

	Respiratory 
	Cough
	0(0% )
	6(30%)
	8.0
	<0.05*

	
	Respiratory distress
	12 (52%)
	17(85%)
	5.2
	<0.05*



*: significant (p<0.05). 


Table 3:  Laboratory Findings at Presentation in Typical and Atypical HUS.
	[bookmark: _Hlk215827267][bookmark: _Hlk215823597]Investigations 
	Group A
N= 23
	Group C
N= 20
	X2 /t    
	P

	Hematology  
	hemoglobin (g/dl)
	6.1± 0.9
	5.9+ 0.8
	0.65
	0.516

	
	Leucocyte count 
	15.330±6.8
	18.350±4.9
	-1.6
	0.112

	
	Platelets count
	82.695±4.623
	72.369±3.961
	0.916
	0.365

	
	LDH (unit/l)
	2622.5±122.3
	3162.2±213.3
	-0.801
	0.338

	
	platelet remission
	11.3±1.8 
	23.5±2.5
	4.18
	<0.05*

	
	HB remission 
	17.9±3.6
	30.4±3.4
	4.27
	<0.05*

	
	ESR(mm/Hr) 
	57.6±6.3
	135.3±12.2
	4.51
	<0.001*

	Renal functions &  electrolytes 
	serum urea (mg/dl) 
	166.5±23.6
	163.4±35
	0.144
	0.886

	
	serum creatinine (mg/dl)
	4.3±0.88
	5.3±089
	-1.691
	0.098

	
	Serum sodium (mg/dl ) 
	132.5±7.4
	129.7±2.5
	3.5
	<0.05*

	Complement 
	C3 (mg/dl)
	85.3±9.8
	59.2±5.9
	2.35
	<0.05*

	
	C4 (md/dl)
	23.7±2.1
	28.6±1.6
	0.925
	0.313

	LDH: lactate dehydrogenase.   HB: hemoglobin  C3: complement factor 3
 C4: complement factor 4


*: significant (p<0.05). 
 Table 4:   Therapeutic interventions ,Dialysis Requirement, Intensive Care Utilization, and Clinical Outcomes in Typical  HUS (group A)  versus Atypical HUS (group B) 
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	Group A
N= 23
	Group C
N= 20
	X2 /t    
	P

	Medications  
	Antibiotics 
	12 (52%)
	6(30%) 
	2.1
	0.142

	
	Anti-convulsants
	8(34.7%)
	7(35%) 
	-2.2
	0.988

	
	Anti-hypertensive 
	15(65%)
	19(95%)
	5.7
	<0.05*

	
	Immunosuppressive 
	0 (0%)
	6(30%) 
	8.0
	<0.01*

	Dialysis  
	Hemodialysis  
	6 (26%)
	13 (65%) 
	3.6
	0.122

	
	Peritoneal dialysis 
	4 (17%)
	0 (0%) 
	
	

	
	Total 
	10 (43%)
	13 (65%) 
	
	

	
	Duration ( days ) 
	6.0±1.3
	10.4+1.6
	4.63
	<0.05*

	PICU   data




   
Out come
	Admissions  
	10 (43%)
	16 (80%) 
	5.96
	<0.05*

	
	Need for MV 
	4 (17%)
	4 (20%) 
	0.048
	0.826

	
	Total hospital admission duration (days )
	16.1±2.3
	30.4±5.3
	5.12
	<0.01*

	
	Complete recovery 
	14(61%)
	6 (30%)
	3.80
	<0.05*

	
	Proteinuria 
	7 (30 %)
	15 (75%) 
	8.50
	<0.01*

	
	Hypertension 
	15 (65%)
	18 (90%) 
	3.6
	<0.05*

	
	CKD 
	5 (21%)
	11(55%) 
	5.01
	<0.05*

	
	Mortality  
	4 (17.3%) 
	1 (5%) 
	3.88
	<0.05*

	PICU: pediatric intensive care unit    MV: mechanical ventilation
CKD: chronic kidney disease


*: significant (p<0.05)
	 
Table 5 : Predictors of Chronic Kidney Disease Versus Complete Recovery in 
Children With HUS 
	 
	Item  
	CKD  
N= 16 
	Recovery  N= 20 
	X2 /t     
	P 

	Demographics 
	Age 
	5.6±1.3 
	3.5±1.1 
	1.8 
	0.078 

	
	Male 
	11 (69%)  
	18 (90%) 
	0.12 
	0.091 

	
	Female 
	5 (31%) 
	9 (45%) 
	
	

	HUS type 
	Group A 
	5 (31%) 
	18(90%) 
	5.06 
	<0.05* 

	
	Group C 
	11 (69%) 
	9 (45%) 
	
	

	Clinical presentations 
	Convulsions 
	8 (50%)  
	4 (20%) 
	3.5 
	<0.05* 

	
	Hypertension 
	16 (100%) 
	13(65%) 
	4.1 
	<0.05* 

	
	Edema 
	16 (100%) 
	15(75%) 
	9.81 
	<0.01* 

	
	Oliguria 
	2 (12%)  
	16(80%) 
	9.02 
	<0.01* 

	Laboratory findings 
	Hemoglobin (g/dl) 
	5.8±0.76 
	6.3±1.1 
	1.41 
	0.154 

	
	Leucocyte count 
	19119± 
2.100 
	15366±1200 
	2.00 
	0.051 

	
	Platelets count 
	76.7±13.2 
	88.3±15.6 
	0.159 
	 

	
	Serum 	creatinine (mg/dl) 
	5.8±1.1 
	4.2±0.9 
	3.01 
	<0.05* 

	
	GFR 
(ml/min/1.37m2) 
	11.75±1.4 
	19.6±9.1 
	3.4 
	<0.01* 

	
	Serum urea (mg/dl) 
	183.6±40.1 
	154.1±52.3 
	1.37 
	0.183 

	
	Serum 	sodium 
(mg/dl) 
	129.6±23.6 
	137.3±53.3 
	3.5 
	<0.01* 

	
	Serum C3 (mg/dl) 
	51.7±11.3 
	85.6±15.6 
	2.9 
	<0.01* 

	
	ADAMST13%
	68.6±12.3
	83.3±16.5
	1.7
	0.096

	ADAMT13: A Disintegrin And Metalloproteinase with Thrombospondin type 1 motif, member 13


*: significant (p<0.05). 
 












Table 6 : Clinical, Laboratory Differences Between Mortality 
Cases and Survivors in Pediatric HUS 
	 
	Item  
	Mortality   N= 5 
 
	Survivors   
N= 38 
	X2 /t     
	P 

	Demographics  
	Age 
	1.1±0.2 
	4.6±0.9 
	3.1 
	<0.05* 

	
	Male 
	3(60%) 
	26(67%) 
	0.115 
	0.735 

	
	Female 
	1 (20%) 
	13 (33%)  
	
	

	HUS type  
	Typical HUS 
	4 (80%)  
	19(48%) 
	3.8 
	<0.05* 

	
	Atypical HUS 
	1(20%) 
	0(0%)  
	
	

	Clinical data 
	Convulsions 
	4 (80%) 
	11 (29%) 
	8.2 
	<0.01* 

	
	Hypertension 
	4 (80%) 
	29 (76%) 
	1.36 
	0.248 

	
	Edema 
	4 (80%) 
	27(71%) 
	1.7 
	0.191 

	
	Oliguria 
	4 (80%) 
	21 (55%)  
	3.1 
	0.751 

	
	Dermatological  
	2 (40%) 
	0(0%) 
	10.5 
	<0.01* 

	
	GIT Complications 
	3(60%) 
	5(13%) 
	9.21 
	<001* 

	Laboratory findings  
	Hemoglobin (g/dl) 
	4.7±0.5 
	6.1±0.6 
	3.0 
	<0.01* 

	
	Leucocyte count 
	25.2±3.6 
	15.8±5.5 
	3.1 
	<0.01* 

	
	Platelets count 
	27.7±8.6 
	83.1±10.3 
	30.6 
	<0.01* 

	
	Serum 	creatinine 
(mg/dl) 
	6.7±0.71 
	4.6±0.8 
	2.1 
	<0.05* 

	
	GFR 
(ml/min/1.37m2) 
	6.7±0.8 
	17.7±1.1 
	2.7 
	<0.01* 

	
	Serum urea (mg/dl ) 
	287.0±18.2 
	152.6±12.3 
	4.3 
	<0.001* 

	
	Serum 	sodium 
(mg/dl) 
	129.2±30.1 
	135.3±39.3 
	1.7 
	0.08 

	
	Serum 	potassium 
(mg/dl ) 
	6.7.2±1.1 
	4.9±0.9 
	3.5 
	<0.01* 

	
	Serum 	albumin 
(g/dl) 
	3.0±0.5 
	3.7±1.2 
	3.5 
	<0.01* 

	
	ESR ( mm/hr)  
	152.3±23.6 
	87.3±18.3 
	1.9 
	0.05 

	
	Serum C3 (mg/dl) 
	24.00±1.6 
	78.2±3.6 
	2.8 
	<0.01* 

	
	LDH ( u/l) 
	6400±891 
	2512±563 
	4.4 
	<0.001* 

	GFR : glomerular filtration rate            LDH: lactate dehydrogenase
ESR: Erythrocyte Sedimentation Rate



*: significant (p<0.05). 
 

Table 7: Predictive Value of Stool Culture, Shiga Toxin, and Renal Function for Mortality in Typical HUS 
	Typical HUS (Group A)  
	Mortality 
	
	
	

	
	Cutoff 
	Sensitivity

	Specificity 
	AUC 

	Positive stool culture  
	- 
	20% 
	8% 
	0.395 

	Positive Shiga toxins  
	- 
	12% 
	5% 
	0.283 

	Initial 	GFR 
(ml/min/1.73m2) 
	25 
	100% 
	63% 
	0.981 



Table 8: Predictors of Chronicity in Atypical HUS 
	A-Typical 	HUS 
(Group B)  
	Chronicity  
	
	

	
	Cutoff 
	Sensitivity 
	Specificity 
	AUC 

	C3 
(mg/dl) 
	68 
	72% 
	44% 
	0.667 

	Factor H (mg/l) 
	51 
	68% 
	55% 
	0.606 

	Initial 	GFR 
(ml/min/1.73m2) 
	12.5 
	72% 
	33% 
	0.667 
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The present study included 43 children diagnosed with HUS, with a clear male predominance (29 males, 67.4%) compared to females (14 cases, 32.6%). This finding is consistent with ZamZam et al. (13), who reported a male predominance of 74%, while Micheletti et al. reported female predominance (64%), indicating variability among different populations.
Analysis of HUS subtypes in our cohort showed that typical HUS accounted for 53.5% (23 cases), while atypical HUS represented 46.5% (20 cases). These findings are comparable to Sarac et al. (14), who reported 63.3% typical and 36.7% atypical cases. However, earlier studies such as Elliott et al.(15) reported a much higher prevalence of typical HUS (86%). The increased proportion of atypical HUS in our study may be explained by improved diagnostic capabilities and wider availability of genetic testing.
The age of presentation in our cohort ranged from 6 months to 13 years, with a mean age of 24 months. This is comparable to Gehad et al.(16), who reported a mean age of 4.7 years. Children with typical HUS (group A) were significantly younger than those with atypical HUS (group B) (p < 0.001), in agreement with Zagozdzon et al.(17), although Vaterodt et al. (18) reported no significant age difference between STEC-HUS and non-STEC-HUS.
Clinical presentation in our study was variable. Fever (88%) and vomiting (81%) were the most common presenting symptoms, followed by renal manifestations including hypertension (76%), edema (72%), and oliguria (66%). Gehad et al. (16) reported lower frequencies of vomiting (64.4%), fever (54.2%), and oliguria (45.8%). Bloody diarrhea was strongly associated with typical HUS in our cohort (92% vs. 0%, p < 0.001), along with fever and dehydration (p < 0.05). Nevertheless, Noris et al. (19), emphasized that 10–20% of STEC-HUS cases may present without overt diarrhea, particularly in young infants or delayed presentation.
Hypertension was common in both groups in our study with no significant difference, against results of Raina et al. (20) and Fakhouri et al. (21) that emphasized that persistent hypertension is a characteristic feature of aHUS and  may continue even after apparent hematological recovery on the other hand  ,Edema was significantly more frequent in atypical HUS cases, consistent with Noris et al. (19) , reflecting more severe complement-mediated glomerular injury in a-HUS.
Neurological involvement, including seizures or decreased level of consciousness, was observed in approximately 35% of patients, with no significant difference between groups. This contrasts with Epitaleta et al. (22), who reported higher CNS involvement in atypical HUS, while Bockenhaur et al. (23) found CNS manifestations to be more common in STEC-HUS during the acute phase attributing the direct neurotoxic effect of Shiga toxin or systemic inflammatory response commonly  seen in STEC type.
 The results of initial laboratory findings showed no significant difference in hemoglobin, platelet count, TLC or LDH between both  groups, consistent with Raina et al (20). , while in contrast to Netti GS et al. (24), who observed higher level of hemoglobin in diarrhea positive HUS related to hemoconcentration and dehydration compared to atypical cases. 
 However, patients with atypical HUS demonstrated significantly delayed hematological recovery compared to typical HUS, in agreement with Fakhouri et al.(21) and Brocklebank et al.(25), that  emphasized that hematological remission in a-hus is prolonged and often treatment dependent whereas in typical HUS occur spontaneously once infection resolve,  although Kavanagh et al.(26) reported early platelet normalization in some atypical even with active renal disease.
Low C3 levels were more commonly observed in atypical HUS, supporting findings by Goodship et al.(27), while Leon et al.(28) reported low C3 levels in severe STEC-HUS cases. Regarding outcomes, atypical HUS was associated with significantly higher rates of proteinuria, hypertension, and CKD compared to typical HUS, consistent with Kavanagh et al. (26), although long-term sequelae of CKD were also reported in STEC-HUS by Alconcher et al. (29) 
Regarding predictors of chronic kidney disease (CKD) versus recovery in our cohort, progression to CKD was significantly associated with atypical HUS, presence of convulsions, higher serum creatinine levels, and lower estimated GFR at presentation. These findings are in agreement with Boyer et al. (30), who reported that more than 50% of patients with atypical HUS progressed to ESRD despite treatment, whereas over 70% of typical HUS cases achieved complete recovery. However, long-term follow-up studies in STEC-HUS, such as Spinale et al. (31), demonstrated that up to 30% of patients may develop residual hypertension or proteinuria, highlighting that typical HUS is not entirely benign. In contrast to our findings, Pundziene et al. (32) reported near-complete renal recovery in children presenting with very high creatinine levels, suggesting variability in renal outcomes.
In the present study, mortality was significantly associated with younger age, typical HUS (p < 0.05), and the presence of convulsions (p < 0.01). These findings are consistent with Aroor et al. (1), who identified age below five years as a significant risk factor for mortality in pediatric HUS. Neurological involvement, particularly seizures, was a major contributor to mortality, in agreement with Abdelnabi et al. (33), who emphasized neurological complications as the most severe extra-renal manifestations affecting survival. However, our results contrast with Eid et al. (34), who reported no significant association between age, sex, and mortality, and with Gehad et al. (16), who observed higher mortality rates among atypical HUS cases.
Non-survivors in our cohort exhibited significantly more severe anemia, thrombocytopenia, hyperkalemia, and hypoalbuminemia at presentation. These findings partially align with Aroor et al., who identified hypoalbuminemia (cutoff < 2.8 g/dL) and hyperkalemia as strong predictors of mortality. In contrast, LooS. et al. (35). reported that anemia alone was not a reliable mortality predictor in HUS, particularly in STEC-HUS, where hemoconcentration secondary to dehydration may reflect disease severity rather than true hematological failure.
In our study, stool culture positivity and Shiga toxin testing demonstrated poor predictive value for mortality in typical HUS cases. This finding is consistent with Wijnsma et al. (36), who highlighted the limited prognostic utility of stool culture and Shiga toxin ELISA alone for risk stratification. Conversely, Maleknia et al. (37) reported that specific Shiga toxin subtypes, particularly Stx2, were strongly associated with disease severity and progression.
ROC curve analysis in atypical HUS cases demonstrated that a factor H cutoff level of 51 mg/L predicted chronicity with a sensitivity of 68% and specificity of 55% (AUC = 0.667). Additionally, complement C3 at a cutoff value of 68 mg/d L showed a sensitivity of 72% and specificity of 44% (AUC = 0.667) for predicting chronic disease. Comparable cutoff values for predicting chronicity remain limited in the literature. However, Puraswani et al. (38) reported that free factor H levels below 440 mg/L at six months predicted relapse with higher accuracy (sensitivity 70%, specificity 100%, AUC 0.91), while Netti et al. (24) identified a C3 cutoff of 76.5 mg/d L as a predictor of neurological complications in STEC-HUS.
Limitation of the study 
The study was conducted at a single center with relatively small sample size and limited number of patients that may reduce statistical power ,also patient who missed follow up during two years period of the study influenced the results ,limited availability of the specific therapy (anti C5 inhibitor ) which may  affected out come in atypical HUS limiting the generalizability of results .Genetic tests were not performed limiting the ability of correlation to specific genetic mutations and outcome. 




Recommendations 
Atypical HUS tends to occur at an older age and shows a male predominance among affected children. Compared with typical HUS, atypical HUS is associated with more severe systemic involvement, longer hospital stays, and poorer renal outcomes, including higher rates of chronic kidney disease, proteinuria, and hypertension.
Low complement levels, reduced initial glomerular filtration rate, prolonged hospitalization, and extended dialysis duration were identified as strong predictors of chronicity and mortality. In contrast, positive stool culture and Shiga toxin testing demonstrated poor predictive value for mortality in typical HUS cases. Among patients with atypical HUS, lower serum C3 levels, reduced factor H levels, and impaired initial renal function were associated with an increased risk of disease chronicity.

ABBREVIATIONS 
 
	ABB
	Full term

	a-HUS
	Atypical hemolytic uremic syndrome

	AKI
	Acute kidney injury

	ALT
	Alanine Aminotransferase

	AST
	Aspartate Aminotransferase

	AUC
	Area under curve

	C3
	Complement factor 3

	CFH
	Complement factor H

	DIC
	Disseminated intravascular coagulation

	E -Coli
	Escherichia coli

	ELISA
	Enzyme – Linked immunosorbent Assay

	ESR
	Erythrocyte sedimentation rate

	ESRD
	End stage renal disease

	GFR
	Glomerular filtration rate

	HUS
	Hemolytic uremic syndrome

	KDIGO
	Kidney Disease Improving Global Outcomes

	LDH
	Lactate Dehydrogenase

	PCR
	Polymerase chain Reaction

	ROC
	Receiver operating characteristic curve

	SP- HUS
	Streptococcus pneumoniae hemolytic uremic syndrome

	STEC
	Shiga toxin-producing E. coli

	STX2
	Shiga toxin type 2

	TLC
	Total leucocyte count

	TMA
	Thrombotic microangiopathy

	TTP
	Thrombotic thrombocytopenic purpura
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