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Epidemiology, Diagnosis, And Outcomes of Acute Post-infectious Glomerulonephritis in Children In Dakar, Senegal
Abstract 
Background: Acute post infectious glomerulonephritis (APIGN) is the most common cause of glomerulonephritis in developing countries. Its epidemiology, diagnosis, clinical management and outcome aspects remain poorly documented in Senegal.
Methods: We conducted a retrospective, three centers, descriptive and analytical study from January 1, 2018 to December 31, 2022 on children under 16 years old.
Results: APIGN accounted for 0.4%(n=87) of all paediatric hospitalizations and pathologies with variation between hospitals. The prevalence of APIGN was 15.8% among all renal pathologies. Haematuria (100%) and renal oedema (80.5%) were the main symptoms on admission. 64.4% of the children presented with life threatening hypertension. 80 children (92%) had acute kidney injury. More than half of the children (53.8%) had a low C3 complement level. ASLO tests were positive in 19.5% of children. In most cases (66.7%), the etiology of APIGN was undetermined however impetiginized scabies was found in 16.1% of cases. Furosemide was administered in 67.8% of cases. Cephalosporins were the main antibiotics (32.2%). Oral corticosteroids were used in 20 children (23.0%). Dialysis was performed in 6 children (6.7%). The outcome was favourable in 81 children (93.1%), 2 (2.3%) developed chronic renal failure, and 4 (4.6%) died. Risk factors associated with poor outcome were hyponatremia (p = 0.019) and hyperkalemia (p = 0.001).
Conclusion: Acute post-infectious glomerulonephritis remains common in our setting. Its causes are not always identified however, the presence of acute nephritic syndrome should prompt investigation for complications such as hyponatremia and hyperkalaemia, which can worsen the course of the disease.
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1. INTRODUCTION
Acute post-infectious glomerulonephritis (APIGN) is an acute, non-suppurative inflammation of the glomeruli, following an infection, most often ENT or skin infections [1]. Although several pathogens can be the cause, group A beta-hemolytic streptococcus is the main causative agent, particularly in developing countries [1, 2]. The main clinical presentation of APIGN is an acute post-infectious nephritic syndrome combining renal edema, hypertension, macroscopic or microscopic hematuria (smoky or cola-colored urine), moderate proteinuria, and acute kidney injury (AKI) [2-4]. Worldwide, it is estimated that there are over 470,000 cases of acute post-streptococcal glomerulonephritis, responsible for nearly 5,000 deaths per year, of which 97% occur in developing countries. The disease is very common among children living in low socio-economic conditions and in overcrowded housing [2]. In Senegal, a developing country where APIGN should be prevalent, we have little data on this disease. We therefore carried out this study to describe the epidemiology, diagnosis, treatment and outcomes of APIGN in children in Dakar.

2. MATERIALS AND METHODS

2.1. Study setting, Type, period and study population

Our study was conducted in three pediatric departments: Aristide Le Dantec Hospital (HALD), Albert Royer National Pediatric Hospital (CHNEAR), and Diamniadio Pediatric Hospital (HED). These three hospitals are level III public health facilities according to the Senegalese healthcare system pyramid. This was a retrospective descriptive and analytical study conducted over 5 years from January 1, 2018, to December 31, 2022. It included all children aged 0 to 16 years hospitalized or who consulted at these departments during the study period. Children hospitalized or seen in consultation for acute post-infectious nephritic syndrome were included. Children with incomplete, or lost records and all children with another glomerular diseases were excluded.
2.2. Data collection and study parameters 
Data were extracted from children medical records using a questionnaire covering socio- demographic, clinical, paraclinical, etiological, therapeutic and clinical outcome data.
· Stage 1 hypertension was defined as a blood pressure (BP) between the 95th percentile and the 95th percentile + 12 mmHg, stage 2 hypertension as a BP between the 95th percentile + 12 mmHg and the 95th percentile + 30 mmHg; life-threatening hypertension was defined as a BP > 95th percentile + 30 mm Hg [5].
· Hematuria referred to the presence of red blood cells in the urine (> 5000 red blood cells/min according to the Addis count) [6].
· Anuria is defined as a urinary output < 0.5 ml/kg/h, oliguria a urinary output between 0.5 and 1 ml/kg/h and polyuria a urinary output > 3 ml/kg/h [7].
· Serum creatinine was measured by the modified Jaffe method and defined according to age [8]. 
· The glomerular filtration rate (GFR) was calculated according to Schwartz 2009 formulae [9].
· AKI was defined as a sudden decrease in GFR with rapid recovery [10]. 
· Recovery was considered as a favourable outcome and development of chronic kidney disease (CKD) or death as an unfavourable outcome 
· Chronic kidney disease (CKD) was defined by the presence of markers of kidney damage for more than 3 months, with or without end-stage renal disease [11].
2.3. Data entry and statistical analysis

The collected data were entered into Excel 2016 and then analyzed using RStudio 1.3.1093 software. Quantitative variables were expressed as means with standard deviations or median with interquartile. Categorical variables were represented as frequencies and percentages. The analysis was performed with a significance level of p < 0.05. The 95% confidence interval (95% CI) was calculated simultaneously.
3. RESULTS
3.1. Descriptive Results
3.1.1 Epidemiological data
During our study, 87 cases of APIGN were identified among the 21,544 hospitalized children. APIGN represented 0.4% of pediatric hospitalizations, across all pathologies, with variations between 0.3% and 0.6% depending on the hospital. It accounted for 15.8% of all renal pathologies. The median age was 113.2 months [19–192 months]. The most represented age group was [120–192 months] (43.7%) (Figure 1). There was a male predominance with a Male to female ratio of 2.1.
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Figure 1:  Distribution of children according to age groups   
3.1.2. Diagnostic data 
Clinical 
The main symptoms on admission were hematuria on urine dipstick (100%), renal edema (80.5%), and tonico-clonic seizures (14.9%). The mean systolic blood pressure was 138.2 mmHg [62–200 mmHg]. The mean diastolic blood pressure was 93.1 mmHg [42–140 mmHg]. Anuria and oliguria presented in 2.3% and 4.6% of cases respectively.
Laboratory data 

Complements C3 and CH50 were measured in 26 children of whom 53.8% had a low C3 level and 38.5% a low CH50 level. Addis count was performed in 44 children; microscopic hematuria was observed in half of them and pyuria in 19. The ASLO test was positive in 19.5% of the children. A renal biopsy was performed in 4 children (4.6%). The indications of renal biopsy were: normal complement (n = 1), acute kidney injury (AKI) for more than 10 days (n = 2), nephrotic proteinuria for more than 10 days (n = 1), proteinuria greater than 1 g/24 h after 1 month (n = 2), and relapse (n = 1). The renal biopsy results are represented in figure 2.
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Figure 2 : Histological lesions discovered during APIGN 
A. APIGN with intracapillary leukocyte exudate in the smear in a 12-year-old child.

B. APIGN with extracapillary proliferation.

C. APIGN with leukocyte exudate in the smear and presence of nodules (black arrow).

D. APIGN with inflammatory exudate in the smear in an 8-year-old child.

Etiological data 

In most cases, the etiology of APIGN was undetermined (66.7%). Impetiginized scabies was the main identified cause (figure 3).
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Figure 3: Causes of APIGN 
3.1.3. Therapeutic data 

Furosemide was administered to 59 children (67.8%). Cephalosporins were the main antibiotics (32.2%). steroids were prescribed in 20 children (23.0%) of which methylprednisolone pulses were administered to 8 children (42.1%). Potassium-wasting drugs were used in 7 children (8%). Six children (6.7%) had acute dialysis of whom one ended with chronic peritoneal dialysis.
3.1.4 Outcome data 
AKI was the main complication (92%). 81 children had a favourable outcome (93.1%), 2 progressed to CKD (2.3%), and 4 died (4.6%) (Figure 4).
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Figure 4: Complications of APIGN 
3.2. Analytical results  

Risk factors associated with the occurrence of a poor outcome (CRD or death) were hyponatremia (p=0.019) and hyperkalaemia (p=0.001) (Table I).
Table I: Factors associated with the occurrence of a poor outcome (CKD or death) in APIGN  
	Factors
	Unfavorable outcome
	P-value
(95% CI)

	
	Yes n (%)
	No n (%)
	

	Age 

  ≥ 10 years
  > 10 years
	4 (9.3)

3 (6.8)
	39 (90.7)

41 (93.2)
	0.713

(0.22 - 10.15)

	Sex

  M

  F
	7 (11.9)

0 (0)
	52 (88.1)

28 (100)
	0.09

(0.71 - Inf)

	Symptom to consultation interval 
  ≥ 20 days 
  < 20 days
	3 (16.7)

4 (6.3)
	15 (83.3)

59 (93.7)
	0.180

(0.38 - 19.25)

	SBD 
  Hypertension urgency 
  Life-threatening hypertension 
	1 (3.2)

6 (10.7)
	30 (96.8)

50 (89,3)
	0.413

(0,00 - 2,49)

	DBP  
  Hypertension urgency  
  Life-threatening hypertension 
	1 (4.2)

6 (9.5)
	23 (95.8)

57 (90.5)
	0.668

(0.01 ​- 2.49)

	Convulsions

  No

  Yes
	2 (2.8)

5 (31.2)
	69 (97.2)

11 (68.8)
	0.280

(0.06 - 4.74)

	Na level
  ≥ 133 mEq/l

  < 133 mEq/l
	3 (5.3)

4 (30.8)
	54 (94,7)

9 (69,2)
	0.019*

(0.02 - 0.91)

	K+ level 
  ≤ 5 mEq/l

  > 5 mEq/l
	1 (2.0)

6 (31.6)
	50 (98.0)

13 (68.4)
	0.001*

(0.00 - 0.43)

	Hemoglobin
  ≥ 7,5 g/dL

  > 7,5 g/dL
	5 (6.5)

2 (20.0)
	72 (93.5)

8 (80.0)
	0.183

(0.04 - 3.44)

	Platelets
  ≥ 400000/mm3
  > 400000/mm3
	2 (4.5)

5 (12.2)
	42 (95.5)

36 (87.8)
	0.255

(0.03 - 2.28)


SBP =Systolic blood pressure    DBP = Diastolic blood pressure     CI=Confidence interval

BP=Blood pressure

CKD =chronic kidney disease
 
*= significative p-value
4. DISCUSSION
In our study, the hospital prevalence of APIGN was 0.4%. This finding is lower than those reported in recent African data [4, 12, 14]. This low frequency could be explained by the predominance of subclinical APIGN cases. Indeed, in most cases, APIGN can go undetected [15]. Conversely, APIGN is less frequent in developed countries [3]. This low frequency could be due to screening and early management of ENT and skin infections, as well as improved living conditions. In our study, the prevalence APIGN was 15.8% of all renal diseases. This result is lower than Keita et al., who reported a prevalence of 44.2% of all renal diseases [16]. 
The median age was 113.2 months [19–192 months]. Group A beta-hemolytic streptococcal infection was diagnosed in two children under 24 months of age. Group A beta-hemolytic streptococcal infection is more common in school-aged children [3, 14, 15, 17]. It is rare in children under 24 months, which could be explained by the persistence of maternal antibodies and a lack of exposure to group A beta-hemolytic streptococcus in that age group [2]. In our study, APIGN affected more boys than girls, which is consistent with the literature [14, 15, 17]. The mean number of children per family was 4.1 [1–10 children]. Less than half of the children attended a coranic school (37.5%). The high number of children per family and the traditional learning conditions in Koranic schools promote overcrowding and represented the main contributing factor to APIGN [19]. 

In our study, mean systolic and diastolic blood pressures were 138.2 mmHg [62–200 mmHg] and 93.1 mmHg [42–140 mmHg], respectively. Hypertension was either systolic (86.2%) or diastolic (87.4%). Hypertension was more frequent in our study than in that of Savadogo et al. (75.9%) [14]. This difference could be explained by the sample size.

Seizures were observed in 13 children (14.9%). They are characteristic of hypertensive encephalopathy. Hypertension can lead to potentially fatal neurological signs [3, 17, 18].

The observed urinary output abnormalities were anuria (2.3%) and oliguria (4.6%). In Senegal, Keita et al. observed oliguria in 11.8% of children and anuria in 19.7% [16]. Both oliguria and anuria may be related to sodium and water retention [3].

Hematuria was a consistent finding in our study. Dieng et al. reported hematuria in 54.7% of cases [22]. In APIGN hematuria is a consistent finding and may be macroscopic or microscopic [3, 15].
In our study, no children had a streptatest, although throat infections (tonsillitis) are a significant cause of APIGN [20]. Providing healthcare facilities with rapid streptococcal diagnostic tests would be beneficial for early and appropriate diagnosis and management of post streptococcal glomerulonephritis [21]. In our study, scabies with secondary infection was also a frequent cause of APIGN [22].

Eighty (80) children (92.0%) presented with acute kidney injury (AKI). Other studies have reported moderate and transient kidney injury [3,18]. Kidney injury can be life-threatening or progress to chronic kidney disease (CKD) [11].

Hyponatremia was present in 17 children (19.5%). This could be due to an inflammatory reaction of the glomerular membrane, inducing an imbalance in the glomerulotubular system resulting in impaired filtration, sodium and water retention; this is dilutional hyponatremia [18].

Among the 26 cases in which serum complements were measured, C3 and CH50 complements were low in 14 (53.9%) and 10 cases (38.5%), and C4 normal in all cases (100%). CH50 and C3 complement are typically decreased in APIGN. They normalize within 6 to 8 weeks. Usually if they are measured beyond 2 weeks, their results may appear normal [1]. The predominant complement activation pathway is the alternative pathway, resulting in decreased C3 and CH50 levels, while C4 levels are often normal or slightly decreased [2].
In our study, furosemide was used in 67.8% of children. In similar studies, loop diuretics were used in significant edema [12,13]. Treatment of edema in APIGN is based primarily on restricting fluid and sodium intake, administering loop diuretics, and, if necessary, initiating renal replacement therapy [2]. However, in APIGN, they can cause hyperkalaemia [7].

Antibiotic therapy was administered to 76 children (87.4%). Cephalosporins were mainly used (32.2%). This result could be explained by empirical antibiotic therapy or the presence of secondary bacterial infection [23].

Twenty (20) children (23.0%) received steroid drugs. In APIGN steroid therapy is indicated in cases of rapidly progressive acute kidney injury (AKI), particularly in malignant APIGN [8]. It is also used in cases of extra capillary proliferation or nephrotic syndrome persisting two to six months after the onset of the initial episode, without extra capillary proliferation [2].

Dialysis is not routinely performed in APIGN [2]. It is mostly indicated in severe and prolonged oliguria, anuria, rapidly progressive AKI or refractory hypertension to diuretics. [2].

In our study, 81 children (93.1%) had a favourable outcome. APIGN is considered benign in majority of cases [2]. Complications are rare, generally less than 1%, even in the presence of oliguria or anuria requiring dialysis. Spontaneous recovery is possible without specific treatment [18]. Two children (2.3%) developed chronic kidney disease (CKD). This could be explained by persistent proteinuria, hematuria, or renal failure after three months of nephritic syndrome [11]. The mortality rate associated with APIGN was 4.6%, which is relatively higher than in Tunisian and European studies [3, 24]. APIGN generally has a favourable outcome [25-27]. However, this can be compromised by fluid and sodium overload [24].

one child experienced a relapse. Recurrence of APIGN is rare. However, its incidence has increased from 0.7% to 7% in recent years [3]. In general, a history of APIGN in a child confers immunity against various strains of nephritic streptococci [24].

Risk factors associated with the development of chronic kidney disease and/or death were hyponatremia < 133 mEq/L (p = 0.019) and hyperkalemia > 5 mEq/L (p = 0.001). This hyponatremia is linked to sodium and water retention due to acute kidney injury (AKI), which can lead to hypertension, seizures, or acute pulmonary edema, and potentially death without necessary intervention such as renal replacement therapy [18]. Our results are comparable to those of Maalej et al., who found that the risk of developing hypertension was associated with sodium and water retention [4]. Hyperkalemia, is a diagnostic and therapeutic emergency and can be life-threatening for children due to the risk of sudden death [24]. In general, poor outcome factors include: nephrotic proteinuria, rapidly progressive glomerulonephritis, persistent oliguria, and severe histological lesions [26,27].  Long-term complications such as hypertension, proteinuria, hematuria, chronic renal failure (< 1%) can occur in 10 to 20% of cases. Although the renal sequelae are usually underestimated, this underlines the importance of long-term follow-up [26,27].  
CONCLUSION
APIGN is among the most common kidney diseases in children in developing countries like Senegal. It is primarily associated with poor socioeconomic status and overcrowding. The clinical presentation is dominated by hematuria, hypertension, and fluid retention, which can be life-threatening and compromise renal function. In our context, it is important to determine the underlying etiology and to screen for complications so as to optimize preventive measures and management
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