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[제품명] 솔리리스®주 [조성] 1바이알(30mL)중 에쿨리주맙 300mg [효능·효과] 1) 발작성 야간 혈색소뇨증(PNH : Paroxysmal Nocturnal Hemoglobinuria) 용혈을 감소시키기 위한 발작성 야간 혈색소뇨증(PNH : Paroxysmal Nocturnal Hemoglobinuria) 환자의 치료. 수혈 이력과 관계없이, 높은 질병 활성을 의미하
는 임상 증상이 있는 환자의 용혈에 임상적 이익이 확립되었다. 2) 비정형 용혈성 요독 증후군(aHUS : atypical Hemolytic Uremic Syndrome) 보체 매개성 혈전성 미세혈관병증을 억제하기 위한 비정형 용혈성 요독 증후군(aHUS : atypical Hemolytic Uremic Syndrome) 환자의 치료 · 사용제한 : 시가(Shiga) 톡신 생
성 대장균에 의한 용혈성 요독 증후군(STEC-HUS) 환자 대상의 적용을 권장하지 않는다. 3) 전신 중증 근무력증(Generalized Myasthenia Gravis) 항아세틸콜린 수용체 항체 양성인 환자의 불응성 전신 중증 근무력증(Refractory gMG: Refractory Generalized Myasthenia Gravis)의 치료 4) 시신경 척수염 범주 질환
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(Neuromyelitis optica spectrum disorder) 항아쿠아포린-4(AQP-4) 항체 양성인 환자의 시신경 척수염 범주 질환(NMOSD: Neuromyelitis optica spectrum disorder)의 치료 [용법·용량] 심각한 감염에 대한 위험을 줄이기 위해서 환자들은 최신의 백신 접종 지침(Advisory Committee on Immunization Practices(ACIP) 
recommendations)에 따라 백신 접종을 해야 한다.(사용상의 주의사항 1. 경고 항 참고) 이 약은 정맥투여되어야 하며 급속정맥투여(IV push) 또는 일시정맥투여(IV bolus)로 투여해서는 안된다. <성인> 1) 발작성 야간 혈색소뇨증(PNH) : 첫 4주간은 매 7일마다 600 mg, 네 번째 용량 투여 7일 후에 다섯 번째 용량으로 900 
mg을 투여하고, 그 후부터는 매 14일마다 900 mg을 투여한다. 이 약은 권장 투여량과 일정에 맞게 투여, 혹은 예정된 일정의 2일 전/후로 투여 되어야 한다. 2) 비정형 용혈성 요독 증후군(aHUS) 및 불응성 전신 중증 근무력증(Refractory gMG) 및 시신경 척수염 범주질환(NMOSD) : 첫 4주간은 매 7일마다 900 mg, 네 번
째 용량 투여 7일 후에 다섯 번째 용량으로 1200 mg을 투여하고, 그 후부터는 매 14일마다 1200 mg을 투여한다. <소아> 1) 비정형 용혈성 요독증후군(aHUS) 만 18세 미만의 aHUS 환자일 경우, 체중에 따라 권장 일정으로 투여한다. (제품정보 원문 용법·용량 [표 1] 만 18세 미만 환자에서의 권장투여법 참고) 이 약은 권장 
투여량과 일정에 맞게 투여, 혹은 예정된 일정의 2일 전/후로 투여되어야 한다. <혈장교환요법 및 신선 동결혈장투여시> 성인 및 소아 비정형 요독증후군, 성인 불응성 전신 중증 근무력증 및 시신경 척수염 범주질환 환자에 대해 PE/PI(혈장 교환 요법(plasma exchange 또는 plasmapheresis), 또는 신선 동결 혈장 투여
(fresh frozen plasma infusion))와 같은 부수적 시술을 받는 경우 추가 용량 투여가 필요하다. (제품정보 원문 용법·용량 [표 2] PE/PI 이후 이 약의 추가적 투여법 참고) [사용상의 주의사항] 1. 경고 중대한 수막구균 감염 작용기전으로 인하여 이 약의 사용은 중대한 수막구균 감염(패혈증 그리고/또는 뇌수막염)에 대한 
환자의 감수성을 증가시킨다. 이 약의 투여 환자에게서 치명적이고 생명을 위협하는 수막구균 감염이 발생하였다. 수막구균 감염은 어느 혈청군에 의해서도 발생할 수 있지만, 이 약의 투여 환자들은 흔하지 않은 혈청군(X 등)에 의한 질환이 발생할 수 있다. 감염의 위험성을 낮추기 위하여, 이 약의 치료가 지연됨으로 인
한 위험성이 수막구균 감염 발생의 위험성보다 큰 경우를 제외하고는 모든 환자들은 반드시 이 약의 투여 시작 최소한 2주 전에 수막구균 백신을 투여 받아야 한다. 만약 접종 받지 않은 환자가 긴급히 이 약의 치료를 받아야 하면, 최대한 빨리 수막구균 백신을 투여 받도록 한다. 수막구균 백신 접종 이후 2주 이내 이 약을 
투여할 경우, 4가 수막구균 백신 접종 이후 2주 동안 적절한 예방적 항생요법으로 치료 받아야 한다. 흔한 병원성 수막구균 혈청군을 예방하기 위하여 가능하다면 혈청군 A, C, Y, W135, B에 대한 백신이 권장된다. 환자들은 백신 사용을 위한 최신의 백신 접종 지침(Advisory Committee on Immunization Practices(ACIP) 
recommendations)에 따라 백신을 접종 혹은 재접종 받아야 한다. 백신 접종은 보체를 더욱 활성화시킬 수 있다. 결과적으로, PNH, aHUS, 불응성 gMG 및 NMOSD를 포함한 보체 매개 질환을 가진 환자들은 용혈(PNH의 경우)이나 혈전성 미세혈관병증(TMA; aHUS의 경우) 또는 중증 근무력증의 악화(불응성 gMG의 
경우) 또는 재발(NMOSD의 경우)과 같은 그들의 기저 질환의 징후 및 증상이 증가하는 경험을 할 수 있다. 따라서, 지침에 따른 백신 접종 이후 질환의 증상에 대해 면밀히 관찰되어야 한다. 백신 접종은 수막구균 감염 위험을 줄일 수 있지만, 완전히 없애지는 않는다. 적절한 항생제 사용에 대한 공식 지침(예: 국내 성인 
세균성 수막염의 임상진료지침 권고안 등)을 고려하여야 한다. 수막구균 감염의 초기 징후나 증상이 나타나는지 면밀히 관찰하고, 감염이 의심되면 즉시 검사받아야 한다. 환자는 이러한 징후와 증상 및 즉시 치료를 받는 절차에 대해 안내 받아야 하며, 담당 의사는 반드시 환자와 이 약의 치료의 위험과 이익을 상의하
여야 한다. 수막구균 감염은 초기에 발견하고 치료하지 않으면 급격히 치명적이고 생명을 위협하게 될 수 있다. 중대한 수막구균 감염을 치료받는 환자는 이 약의 투여를 중지하도록 한다. 2. 다음 환자에는 투여하지 말 것 1) 이 약의 주성분, 뮤린 단백질 또는 기타 구성성분에 과민반응이 있는 환자 2) 치료되지 않은 중대
한 수막구균(Neisseria meningitidis) 감염 환자 3) 수막구균(Neisseria meningitidis) 백신을 현재 접종하지 않은 환자 또는 백신 접종 이후 2주 동안 적절한 예방적 항생요법으로 치료를 받지 않은 환자(이 약의 치료를 늦추는 것이 수막구균 감염을 일으키는 것보다 중대하지 않은 경우) 3. 다음 환자에는 신중히 투여할 것 
1) 기타 전신 감염: 작용기전으로 인하여 이 약의 치료는 활성 전신 감염이 있는 환자들에게 주의하여 투여하여야 한다. 이 약은 말단 보체 활성을 차단하므로 환자들은 감염, 특히 Neisseria균 및 피낭성 세균(encapsulated bacteria) 감염에 대한 감수성이 증가할 수 있다. 파종성 임균 감염을 포함하는 N. meningitidis 외
의 Neisseria 종에 의한 중대한 감염이 보고되었다. 잠재적인 중대한 감염과 그 증상 및 징후에 대한 인식을 높이기 위하여 환자용 정보 안내서의 정보를 환자에게 제공해야 한다. 임질 예방에 관해 환자에게 조언해야 하고 위험성이 있는 환자는 정기적인 검사를 권고한다. 더욱이, 면역력이 약화된 환자와 호중구 감소 환
자에서 아스페르길루스 감염이 발생하였다. 이 약을 투여 받는 소아는 폐렴연쇄상구균(Streptococcus pneumonia)과 인플루엔자 간균 B형(Haemophilus influenza type b(Hib))에 의해 중대한 감염을 일으킬 위험이 증가할 수 있다. 폐렴연쇄상구균(Streptococcus pneumonia)과 인플루엔자 간균 B형(Haemophilus 
influenza type b(Hib))에 의한 감염을 예방하기 위해 최신의 백신 접종 지침에 따라 백신 접종을 받도록 한다. 전신 감염이 있는 환자에게 이 약을 투여할 때는 주의하도록 한다. 에쿨리주맙에 안정되고 유지 요법을 받는 환자에게 추가적인 백신 접종이 필요한 경우, 이 약 투여에 따른 백신 접종 시기를 신중히 고려해야 
한다. 2) 실험실적 검사 결과 모니터링: PNH 환자는 LDH 수치를 확인하여 혈관 내 용혈을 관찰, aHUS 환자는 혈소판 수, 혈청 LDH, 혈청 크레아티닌을 측정하여 미세혈관병증 여부를 관찰하여야 하며, 유지기간 동안 권장 투여일정(14±2일)내에서 용법·용량 조정이 필요할 수 있다(매 12일까지). 4. 약물이상반응 시
판 후 보고 및 완료된 임상시험에서 보고된 약물이상반응(발생률 1% 이상 발췌): 매우 흔하게(≥1/10) – 두통, 흔하게(≥1/100 ~ <1/10) - 폐렴, 상기도감염, 비인두염, 기관지염, 요로 감염, 구강 헤르페스, 백혈구감소증, 빈혈, 불면, 현기증, 미각이상, 고혈압, 기침, 입인두통, 설사, 구토, 구역, 복부통증, 발진, 탈모, 소
양증, 관절통, 근육통, 열, 피로감, 인플루엔자 유사질환모든 임상시험에서, 가장 중대한 이상반응은 수막구균 패혈증이었고, 이는 이 약으로 치료받은 환자에서 수막구균 감염증의 흔한 증상이었다. 수막구균 패혈증의 징후와 증상에 대해 환자에게 알리고 즉시 의료 조치 받을 것을 환자에게 권고해야 한다. Neisseria 
gonorrhoeae, Neisseria sicca / subflava, Neisseria spp unspecified로 인한 패혈증을 포함하여 Neisseria 종의 다른 사례들이 보고되었다. [제조원] 알렉시온 [수입판매원] (주)한독 [최종개정일] 2021-02-18 *보다 자세한 정보는 제품 설명서를 참조하시기 바랍니다.
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Introduction 

Proteinuria is a marker of kidney disease that can be detected 

at an early stage. Additionally, it is an independent risk factor 

for a decline in kidney function, cardiovascular morbidity, and 

mortality [1]. Determining the degree of proteinuria is import-

ant for early diagnosis and management of kidney disease. 

Several methods are available for measuring urinary protein 

levels. There is a difference in how urine and urinary protein 

are collected and measured. We must understand their mean-

ing, advantages, and disadvantages to anticipate the status and 

pathophysiology of pediatric patients with proteinuria and pro-

ceed with further evaluation. This review discusses the advan-

tages and limitations of several urinary protein measurement 

methods. 
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Proteinuria is an early hallmark of kidney disease and a major risk factor for systemic cardiovascular diseases. There are several 
methods to measure proteinuria, such as the urine dipstick test, 24-hour urinary protein excretion method, and spot urine for 
the protein-to-creatinine ratio. The urine dipstick test is simple but inaccurate. The 24-hour urinary protein excretion method 
is the gold standard; however, it is cumbersome, especially in children. Spot urine for the protein-to-creatinine ratio is simple 
and accurate, but has limitations. Specific urinary protein such as albumin can be measured instead of the total protein content. 
Tests should be avoided in situations that cause transient proteinuria or false-positive results. It should be performed correctly, 
and its limitations should be recognized and interpreted accurately. 
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Urine dipstick test 

The urine dipstick test is the most convenient method to assess 

proteinuria. It is inexpensive and can be easily performed using 

a single urine sample. The procedure can be quickly performed 

without any apparatus. The dipstick test has a high negative 

predictive value [2]. It is recommended to screen for protein-

uria in pediatric low-risk groups [3]. 

The urine dipstick test involves colorimetric chemical reac-

tions. The principle is that the presence of negatively charged 

proteins in a solution alters the color of acid-base indicators. 

The dipstick is a strip impregnated with buffer and the indica-

tor, tetrabromophenol [4]. The pH of the urine remains con-

stant by means of a buffer, so that the presence of protein is 

indicated by any change in the color of the indicator. When the 

dipstick is dipped in urine, the strip can change its color from 

yellow through green to blue according to the concentration of 

protein in the urine. Depending on the color, it is reported as 
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negative, trace (10–29 mg/dL), 1+ (30–100 mg/dL), 2+ (100–300 

mg/dL), 3+ (300–1,000 mg/dL), or 4+ (>1,000 mg/ dL), to give an 

approximate urinary protein concentration. Reading the re-

sults manually rather than using an automated urine dipstick 

analyzer can lead to overestimation or underestimation. 

The urine dipstick method is semiquantitative because it 

does not consider the kidney filtration rate. It is graded based 

on the urinary protein concentration and cannot represent the 

amount of urinary protein per day, which is the true diagnostic 

criterion for proteinuria. Proteinuria has occasionally been de-

fined as ≥1+ [5]. This is equivalent to 300–1,000 mg/m2/day of 

urinary protein, assuming an average daily urine volume of  

1 L/m2. This is higher than the diagnostic criterion for protein-

uria (100 mg/m2/day). However, the urine concentration ex-

pressed by urine specific gravity should be taken into consider-

ation [6]. A urine dipstick test for protein is considered positive 

if there is ≥trace in a urine sample in which the specific gravity 

is <1.010. A dipstick must be ≥1+ to be considered clinically sig-

nificant if the specific gravity is >1.015 [7]. Furthermore, the re-

agent on the dipstick is sensitive to albumin but may not detect 

low concentrations of other types of proteinuria, such as tubu-

lar proteinuria and Bence Jones proteins in the urine [8]. It is 

referred to by its brand name, Albustix. Considering these lim-

itations, there are several conditions under which the dipstick 

results should be interpreted carefully. False-positive results 

can occur with highly concentrated urine, a very high urine pH 

(>7.0), contamination with blood, pus, semen, or vaginal secre-

tions in adolescents, pyuria, or prolonged dipstick immersion 

[9]. False-negative test results can occur in patients with dilute 

urine, low urine pH (<4.5), or in disease states in which albumin 

is not the predominant urinary protein [7]. 

24-Hour urinary protein excretion method 

The gold standard method for the assessment of proteinuria 

is to measure the amount of protein in a 24-hour urine collec-

tion [10]. This is consistent with the diagnostic criteria unit of 

proteinuria, the amount of urinary protein per day. Variations 

were quantified using the body surface area. In children over 

6 months of age, proteinuria is defined as >4 mg/m2/hr or 150 

mg/day [7]. In children under 6 months of age, it is defined as >8 

mg/m2/hr [11]. Protein excretion >40 mg/m2/hr is indicative of 

nephrotic-range proteinuria [11]. 

However, this is inconvenient, time-consuming, and cum-

bersome. This is especially difficult for young children who are 

incontinent and may be unfeasible. Its accuracy depends on the 

correct collection. Patients were required to empty the bladder 

and collect all urine for the next 24 hours. At the end of this pe-

riod, they empty the bladders and save them. It can start at any 

time; however, it is common to start collection immediately af-

ter waking up because the bladder is emptied at a certain time. 

All the urine samples were stored in a refrigerator. Poor storage 

results in the growth of alkalizing bacteria in urine samples, 

which can interfere with the protein evaluation method [11]. To 

determine whether the specimen was collected for 24 hours 

properly, the amount of urine creatinine was measured simul-

taneously. The amount of urine creatinine was estimated as 

follows: males, 20–25 mg/kg/day; females, 15–20 mg/kg/day [7]. 

The spot urine protein-to-creatinine ratio (UPCR) described 

below has largely replaced the 24-hour urinary protein excre-

tion method. However, the 24-hour urinary protein excretion 

method is still recommended for assessing proteinuria in 

doubtful situations. It averages any changes in proteinuria ac-

cording to the circadian rhythm, physical activity, and posture 

[12]. 

Urine protein-to-creatinine ratio 

UPCR is a fast and simple method for quantitative evaluation 

of urinary protein excretion. It is useful to screen for children 

at high risk of proteinuria and to monitor urinary protein lev-

els over time [3]. It is obtained by dividing the urinary protein 

concentration by the urine creatinine concentration in a spot 

urine sample. There is no need to consider body surface area in 

the diagnostic criteria for proteinuria in children because urine 

creatinine is related to body size [13]. A ratio of <0.2 (mg/ mg), the 

same criteria as adults, is referred to as normal urinary protein 

excretion in children >2 years of age. Children under the age of 

2 years are more likely to lose urinary protein owing to reduced 

proximal tubule reabsorption [11]. In children 6 to 24 months 

of age, a ratio of <0.5 is referred to as normal [7]. For infants less 

than 6 months of age, the normal UPCR is not clearly defined, 

although a ratio ≥0.8–1.0 is generally considered abnormal [14]. 

A UPCR of >2 suggests nephrotic-range proteinuria. 

Excellent reliability, as well as convenience, makes UPCR an 

alternative to the 24-hour urinary protein excretion method, 

which is the gold standard method. It is closely correlated with 

the amount of protein in 24-hour urine collection in children 

[15,16]. The log regression analysis of UPCR and the amount of 

protein in 24-hour urine collection is highly significant from the 
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normal range to nephrotic-range proteinuria [15,16]. Huang 

et al. [16] showed that a UPCR 0.18 mg/mg, which is close to 

the cutoff value of 0.2, had high sensitivity and specificity rel-

ative to the amount of protein in 24-hour urine collection at  

100 mg/m2/day. 

However, the UPCR has several limitations. UPCR may not 

always reflect the 24-hour urinary protein excretion method 

because protein excretion changes with the time of the day, de-

gree of exercise, and stress level [5]. In addition, it does not con-

sider the deviation of inter-individual differences in daily creat-

inine excretion. The muscle mass of an individual significantly 

affects test results. The amount of proteinuria is underesti-

mated in children with high urinary creatinine concentrations, 

such as athletes. In contrast, it may be overestimated for chil-

dren with low urinary creatinine concentrations, such as those 

with muscular dystrophy or severe malnutrition. The degree of 

dilution also affects UPCR results [17]. It is more likely to overes-

timate the actual urinary protein excretion in a low-urine-spe-

cific gravity sample. Conversely, the UPCR of concentrated 

urine is likely to be underestimated [17]. The results should be 

interpreted with caution in newborns and children with poly-

uria whose urine is not concentrated. If creatinine excretion is 

not constant, such as in acute kidney injury, UPCR is not useful 

for estimating the 24-hour excretion rate [18]. 

Measurement of urinary albumin 

Albuminuria is urinary leakage of the specific serum protein, 

albumin. Only a small fraction of albumin can get filtered in a 

healthy glomerulus, and most filtered albumin is reabsorbed 

by the proximal tubules [19]. The compromised integrity of the 

glomerular filtration barrier is an important etiology of albu-

minuria [20]. It is independently associated with a higher risk 

of chronic kidney disease (CKD) progression, cardiovascular 

events, and death in adults, including diabetes [21]. Many inter-

national guidelines now recommend measuring albumin rath-

er than total protein in adults with CKD [22,23]. 

The measurement of urinary albumin levels has many sim-

ilarities with urinary protein measurement. Quantification of 

urinary albumin can be performed using either timed or spot 

urine collection. The 24-hour urine collection is considered the 

gold standard method for urinary albumin measurement [24]; 

however, it is cumbersome, especially in children. Urine albu-

min-to-creatinine ratio (ACR) is a good alternative. The ACR is 

consistent with the 24-hour timed urine albumin collection in 

the pediatric population [25]. Generally, the normal range of 

albuminuria in children is <30 mg of albumin in the urine per 

day, or ACR of <30 mg/g in a first-morning urine collection. 

Moderately increased albuminuria (urinary albumin excretion 

rate of 30–300 mg/day in 24-hour urine collection, or ACR of 

30–300 mg/g in a first-morning urine collection) is usually 

termed microalbuminuria [26]. Microalbuminuria is defined 

as an albumin level above the normal level in urine; however, 

it is below the detectable range in conventional urine dipstick 

methods [7]. Severely increased albuminuria (urinary albumin 

excretion rate of >300 mg in a 24-hour urine collection, or 

ACR >300 mg/g in a first-morning urine collection) is usually 

termed macroalbuminuria. 

In children, proteinuria, rather than albuminuria, is com-

monly used as a screening tool. However, albuminuria has 

also been used in some diseases. These include type I diabe-

tes, some parts of Alport syndrome, and autosomal dominant 

polycystic kidney disease. Pediatric type I diabetes guidelines 

recommend assessment of albuminuria for CKD screening 

[27]. In children with Alport syndrome, the onset of microalbu-

minuria is recommended as a starting treatment for females 

with X-linked Alport syndrome and for males and females 

with autosomal dominant Alport syndrome [28]. Children with 

autosomal dominant polycystic kidney disease and those at 

risk should be monitored for albuminuria [29]. Some studies 

have shown that albuminuria in childhood is associated with 

CKD [30,31]. The 2021 National Institute for Health and Care 

Excellence guidelines recommend the use of ACR rather than 

UPCR in children with CKD because ACR has greater sensitivity 

for low levels of proteinuria than UPCR [22]. Albuminuria mea-

surement is likely to be used more frequently in children.  

The timing of the urine sample collection 

Most proteinuria in children is transient [7]. Several factors are 

responsible for transient proteinuria. These include fever, ex-

ercise, dehydration, seizures, cold exposure, and/or stress [7]. 

The amount of urinary protein cannot be measured accurately 

even when gross hematuria, menstrual contents, or sperm are 

present in the urine. When these factors are present, physicians 

should postpone the measurement of urinary protein. If not, 

we focus on the interpretation of the results. Orthostatic pro-

teinuria is the most common cause of persistent proteinuria 

in school-aged children and adolescents [7]. Orthostatic pro-

teinuria can occur in preschool children [32]. In children with 
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persistent proteinuria, samples must be collected from their 

first-morning urine. Children should completely empty their 

bladder before going to bed and collect the first urine sample as 

soon as they wake up in the morning. If the results are ambigu-

ous, the examination should be repeated. 

Conclusion 

Several methods are available for the assessment of protein-

uria. They have different normal levels depending on age in 

children (Table 1). Each method has its strengths and limitations 

regarding accuracy and convenience (Table 2). These methods 

should be correctly performed, their limitations should be rec-

ognized, and the findings should be interpreted accurately. 
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Introduction 

Since its first outbreak in 2019, coronavirus disease 2019 

(COVID-19) has spread rapidly worldwide, affecting millions of 

people differently. South Korea has also been heavily affect-

ed by COVID-19, with 23.6 million confirmed cases and 27,149 

deaths reported as of September 5, 2022. Among the total 

Child Kidney Dis 2022;26(2):74-79
pISSN 2384-0242 · eISSN 2384-0250 

https://doi.org/10.3339/ckd.22.035

Impact of COVID-19 on the clinical course of nephrotic 
syndrome in children: a single-center study

Min Ji Park1 , Jung Kwan Eun1 , Hee Sun Baek2 , Min Hyun Cho1 
1Department of Pediatrics, School of Medicine, Kyungpook National University, Daegu, Republic of Korea
2Department of Pediatrics, Yeungnam University College of Medicine, Daegu, Republic of Korea

Purpose: Children with nephrotic syndrome may experience disease relapse or aggravation triggered by various viral infections. 
Limited studies on the clinical implications of the coronavirus disease 2019 (COVID-19) pandemic in children with nephrotic syn-
drome have been published worldwide. Therefore, this study aimed to investigate the effects of COVID-19 on the clinical course 
of nephrotic syndrome in children. 
Methods: The medical records of 59 patients with idiopathic nephrotic syndrome who visited our hospital between February and 
June 2022 were retrospectively analyzed. 
Results: Twenty of the total 59 patients with nephrotic syndrome were diagnosed with COVID-19 during the study period. The 
mean age at the time of the diagnosis of nephrotic syndrome and COVID-19 in all 20 patients was 4.6±3.5 and 8.9±3.9 years, re-
spectively. Three patients (15%) were diagnosed with nephrotic syndrome relapse during COVID-19 and the relapse rate was 
similar to them without COVID-19 (20.5%, 8/39 patients). At the time of the COVID-19 diagnosis, fever (85%) and cough (40%) were 
the most common symptoms. After the diagnosis of COVID-19, all patients showed improvement with symptomatic treatment, 
including antipyretic analgesics and cold medicine. None of the critical patients required hospitalization or oral antiviral medi-
cations. 
Conclusions: Despite the use of immunosuppressants, the clinical manifestations of COVID-19 in children with nephrotic syn-
drome were not severe and are expected to be similar to that in the general population. The relapse rate of nephrotic syndrome 
in children with COVID-19 was also not different from them without COVID-19. 

Keywords: Child; COVID-19; Nephrotic syndrome; Recurrence

Original Article

Received: September 16, 2022; Revised: October 29, 2022; Accepted: October 31, 2022

Correspondence to
Min Hyun Cho 
Department of Pediatrics, Kyungpook National University Hospital, School of 
Medicine, Kyungpook National University, 130 Dongdeok-ro, Jung-gu, Daegu 
41944, Republic of Korea 
E-mail: chomh@knu.ac.kr

© 2022 Korean Society of Pediatric Nephrology

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which 
permits unrestricted non commercial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

number of confirmed cases, 5.67 million cases were reported in 

children aged <19 years, accounting for 24% of the total cases, 

with 46 deaths, indicating that the severity of COVID-19 in pedi-

atric patients was significantly lower than that in adults [1]. Sev-

eral reports have described de novo kidney involvement and 

aggravation of underlying renal diseases due to COVID-19 or 

vaccination in adult patients [2-6]. Recently, cases of renal com-
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plications due to COVID-19 or vaccination have been reported 

in pediatric patients [7-9]; however, the clinical significance of 

COVID-19 in pediatric patients with kidney disease is unclear. 

In addition, although nephrotic syndrome relapse is closely 

related to various viral infections, there are limited studies on 

the clinical implications of the COVID-19 pandemic in pediatric 

patients with nephrotic syndrome. Therefore, this study aimed 

to investigate the effect of COVID-19 on the clinical course of 

nephrotic syndrome in children. 

Methods 

The medical records of pediatric patients with idiopathic ne-

phrotic syndrome who visited our hospital between February 

and June 2022 were retrospectively analyzed. Patients aged <1 

year and >19 years and those with inadequate medical records 

were excluded. Finally, total 59 patients (20 pediatric patients 

diagnosed with COVID-19 and 39 pediatric patients who did not 

have COVID-19) were included in the study. Relapse of the ne-

phrotic syndrome within 2 weeks of COVID-19 was defined as 

a relapse caused by COVID-19. The diagnosis of COVID-19 was 

confirmed using real-time polymerase chain reaction or rapid 

antigen testing performed at a public health center hospital. 

Student t-test was performed to evaluate continuous variables. 

Statistical significance was set at a P-value of <0.05. All statisti-

cal analyses were conducted using the R software, version 3.4.3 

(R Foundation for Statistical Computing, Vienna, Austria). 

Results 

The baseline characteristics of 59 nephrotic syndrome patients 

who visited our hospital during the study period are as follows: 

mean age at the study period, 9.3±3.7 years; mean age at diag-

nosis of nephrotic syndrome, 4.8±3.1 years; male, 79.7%; ste-

roid-sensitive nephrotic syndrome, 81.4% (Table 1). 

Comparison of the group with and without COVID-19

Twenty of the total 59 patients with nephrotic syndrome were 

diagnosed with COVID-19 during the study period (Table 2). The 

mean age at the time of the diagnosis of nephrotic syndrome 

of 20 patients confirmed with COVID-19 during the study pe-

riod was 4.6±3.5 years. Their mean age at the time of COVID-19 

diagnosis was 8.9±3.9 years, and the mean period from the 

diagnosis of nephrotic syndrome to that of COVID-19 was 4.6 

years. In study population, most COVID-19 cases occurred in 

April 2022, similar to the general trend of COVID-19 cases in 

South Korea (Fig. 1). The ratio of patients with steroid-sensitive 

nephrotic syndrome to those with steroid-resistant nephrotic 

syndrome was 14:6. All patients visited the hospital for regular 

follow-up within a month before contracting COVID-19, and the 

urinalysis results at that time showed no proteinuria. The drugs 

used for the treatment of nephrotic syndrome during COVID-19 

included patients receiving corticosteroid therapy alone (n=5), 

cyclosporine therapy alone (n=4), corticosteroid and cyclospo-

rine combination therapy (n=3), rituximab therapy within 1 year 

(n=3), tacrolimus therapy alone (n=1), and corticosteroid and 

tacrolimus combination therapy (n=1). The mean daily dose for 

patients receiving steroids was 0.7±0.6 mg/kg. The mean dose 

of tacrolimus was 0.05±0.01 mg/kg/day, while that of cyclospo-

rine was 5.3±0.4 mg/kg/day. The rate of immunosuppressant 

use was significantly lower in patients without COVID-19 than 

in patients with COVID-19 (P<0.01). However, the other baseline 

characteristics were similar between the groups. At the time 

of COVID-19 diagnosis, fever (85%) and cough (40%) were the 

most common symptoms. Other symptoms, such as abdomi-

nal pain, diarrhea, and headache were also present. Two of the 

20 patients (10%) diagnosed with COVID-19 were vaccinated 

before diagnosis. Three of the 20 patients with COVID-19 were 

treated with CD20 monoclonal antibody (rituximab) within 1 

year before being diagnosed with COVID-19. In all of them, the 

administration effect was confirmed by measuring complete 

depletion of B cells (<1% of lymphocytes) immediately after 

CD20 monoclonal antibody (rituximab) therapy. However, be-

cause they were diagnosed with COVID-19 at the local medical 

centers and none of them experienced nephrotic syndrome 

relapse or severe COVID-19 clinical manifestations, they did not 

visit our hospital and recovered without antiviral medications. 

Table 1. Baseline characteristics of patients with nephrotic syndrome

Characteristic Value (n=59)
Age at the study period (yr) 9.3±3.7
Age at diagnosis of nephrotic syndrome (yr) 4.8±3.1
Male sex 47 (79.7)
SSNS:SRNS 48:11
Frequent relapse 31 (52.5)
Perform a renal biopsy 14 (23.7)
 Minimal change disease 11
 Focal segmental glomerulosclerosis 3

Values are presented as mean±standard deviation or number (%).
SSNS, steroid-sensitive nephrotic syndrome; SRNS, steroid-resistant 
nephrotic syndrome.
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Table 2. Comparison of clinical characteristics between the patients with and without COVID-19

Characteristic COVID-19 (+) COVID-19 (–) P-value
No. of patients 20 39
Male sex 17 (85.0) 30 (76.9) 0.47
Age at diagnosis of NS (yr) 4.6±3.5 4.9±2.9 0.71
Age at the study period (yr) 8.9±3.9 9.5±3.6 0.62
SSNS:SRNS 14:6 34:5 0.11
Frequent relapse 11 (55.0) 20 (51.3) 0.79
Performed renal biopsy 5 (25.0) 9 (23.1) 0.87
 Minimal change disease 3 8
 Focal segmental glomerulosclerosis 2 1
History of relapse triggered by URI 13 (65.0) 22 (56.4) 0.52
eGFR at the study period (mL/min/1.73 m2) 117.3±21.9 126.2±20.0 0.12
Period from the diagnosis of NS to study (yr) 4.6±3.1 4.4±3.6 0.83
Drugs being taken at the study period
 Corticosteroid alone 5 (25.0) 3 (7.7)
 Cyclosporine alone 4 (20.0) 8 (20.5)
 Corticosteroid + cyclosporine 3 (15.0) 0
 Tacrolimus alone 1 (5.0) 1 (2.6)
 Corticosteroid + tacrolimus 1 (5.0) 0
 Mycophenolate mofetil + tacrolimus 0 1 (2.6)
 Rituximab (within 1 yr) 3 (15.0) 5 (12.8)
 Rituximab (within 1 yr) + corticosteroid 0 1 (2.6)
 None 3 (15.0) 20 (51.3) <0.01
Patient number with NS relapse during study period 3 (15.0) 8 (20.5) 0.61

Values are presented as number (%) or mean±standard deviation.
COVID-19, coronavirus disease 2019; NS, nephrotic syndrome; SSNS, steroid-sensitive nephrotic syndrome; SRNS, steroid-resistant nephrotic 
syndrome; URI, upper respiratory infection; eGFR, estimated glomerular filtration rate.

Fig. 1. Comparison of trends in the cumulative number of confirmed coronavirus disease 2019 (COVID-19) cases in South Korea and our study 
subjects by month. Data from: Korea Disease Control and Prevention Agency (September 5, 2022) [1].
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After the diagnosis of COVID-19, all 20 patients experienced im-

provement with symptomatic treatment, including antipyretic 

analgesics and cold medicine. None of the patients developed 

critical conditions requiring hospitalization or the administra-

tion of oral antiviral medications such as Paxlovid.  

Clinical characteristics of three patients relapsed during 

COVID-19

Three (15%) of the 20 patients with COVID-19 were diagnosed 

with nephrotic syndrome relapse while COVID-19 was ongoing 

(Table 3). Patients with nephrotic syndrome who visited our 

hospital during the study period but did not contract COVID-19 

had a relapse rate of 20.5% (eight of 39 patients). All three pa-

tients diagnosed with nephrotic syndrome relapse complained 

of fever and abdominal pain during COVID-19, and none of the 

three patients diagnosed with nephrotic syndrome relapse 

during COVID-19 were vaccinated. One of the three patients 

diagnosed with nephrotic syndrome relapse during COVID-19 

was not receiving immunosuppressants. Of the other two pa-

tients, one received steroids at a dose of 0.4 mg/kg/day, and the 

other received cyclosporine at a dose of 5.5 mg/kg/day. In these 

two patients, the dose of immunosuppressants was not higher 

than that in patients without relapse during COVID-19. All pa-

tients who relapsed during COVID-19 responded well to corti-

costeroid treatment at the time of relapse. 

Discussion 

The number of COVID-19 cases in the pediatric age group was 

low during the early stages of the pandemic, but it gradually 

increased as the unprecedented COVID-19 pandemic contin-

ued to spread worldwide [10]. A systematic review published in 

Pediatric Pulmonology in 2020 reported that >50% of pediatric 

patients with COVID-19 complained of asymptomatic or mild 

symptoms, and approximately 1% of patients complained of 

critical clinical symptoms [11]. The most common symptoms 

were fever, cough, nasal symptoms, diarrhea, and nausea/

vomiting [11-13]. COVID-19 may also cause various pulmonary, 

gastrointestinal, cardiovascular, neurological, and renal com-

plications [11,14-16]. In addition to possibly increasing risks of 

new kidney disease, COVID-19 may also worsen the course of 

patients with underlying kidney disease. Acute kidney injury 

is an important complication of COVID-19, and several cases of 

acute tubulointerstitial nephritis and acute glomerulonephritis 

in pediatric patients have been reported [4,5]. Shah et al. [17] 

first reported on a new-onset nephrotic syndrome associated 

with COVID-19 in an 8-year-old boy, followed by Alvarado et al. 

[18], who reported on a case of COVID-19 associated with the 

onset of nephrotic syndrome in a 15-year-old boy. COVID-19 

has various effects on the clinical courses of patients with 

underlying diseases. Recently, a number of reports related to 

nephrotic syndrome relapse have been published, with some 

focusing on pediatric patients. Moreover, the incidence of ne-

phrotic syndrome relapse is increasing in children with upper 

respiratory tract infections. According to previous studies, at 

least 50% of nephrotic syndrome relapses are caused by upper 

respiratory tract infections [19,20]. The mechanism by which 

infection leads to nephrotic syndrome relapse is unclear, but it 

may be related to a non-specific host response, such as cyto-

kine release in response to infection [20]. It has been hypothe-

Table 3. Clinical characteristics of three patients diagnosed with nephrotic syndrome relapse during the COVID-19 illness

Characteristic Patient 1 Patient 2 Patient 3
Sex Male Male Female
Age at diagnosis of NS (yr) 3.0 3.3 4.5
Age at the time of COVID-19 (yr) 5.7 10.5 7.8
Steroid responsiveness Steroid-resistant Steroid-sensitive Steroid-sensitive
Frequent relapse No Yes No
Performed renal biopsy (result) No Yes (MCD) No
History of relapse triggered by URI No Yes Yes
Duration from the diagnosis of NS to COVID-19 (yr) 2.7 7.2 3.3
Drug being taken at the time of COVID-19 (dose, mg/kg/day) Cyclosporine (5.5) Corticosteroid (0.4) None
Duration from diagnosed COVID-19 to relapse (day) 5 3 0
Time to remission (day) 9 6 12
Follow-up period after remission (mo) 4 2 4
Relapse during follow-up after remission None None None

COVID-19, coronavirus disease 2019; NS, nephrotic syndrome; URI, upper respiratory infection; MCD, minimal change disease.
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sized that infection-induced nephrotic syndrome relapse can 

be caused by podocytopathy based on the concepts of immune 

dysregulation and increased glomerular permeability [21]. In 

pediatric patients, the symptoms of COVID-19 vary, and the in-

fection severity is not as high as that reported in adult patients 

[12,13]. The pediatric patients with nephrotic syndrome includ-

ed in this study also had various symptoms, and all complained 

of only mild symptoms that improved spontaneously without 

hospital treatment. An original article published by Crane et 

al. [22] and a systematic review published by Morello et al. [23] 

found that pediatric nephrotic syndrome did not increase the 

severity of COVID-19 and that the relapse rate of nephrotic syn-

drome triggered by COVID-19 was low. In the present study, only 

three of the 20 patients (15%) were diagnosed with nephrotic 

syndrome relapse due to COVID-19, all of whom responded well 

to steroid treatment. The long-term use of immunosuppressive 

agents in pediatric patients with nephrotic syndrome did not 

adversely affect the severity of COVID-19, consistent with find-

ings of previous studies [23-25]. The association between ritux-

imab and COVID-19, which has a significant effect on immune 

response, also showed similar results. Recently, the frequency 

of rituximab administration is increasing for the treatment of 

pediatric nephrotic syndrome since the public health insurance 

benefits were applied in South Korea. Although there has been 

a substantial debate about the administration of rituximab in 

children concerning infection associated with the COVID-19 

pandemic, several studies have demonstrated that rituximab 

has no significant effect on the incidence, clinical severity, or 

antibody production in pediatric patients with COVID-19 [26,27]. 

In the present study, four patients received rituximab treat-

ment 4 to 9 months before the study period, none of whom 

were diagnosed with nephrotic syndrome relapse or other 

severe complications of COVID-19. Therefore, pediatric pa-

tients with nephrotic syndrome requiring immunosuppressive 

agents such as rituximab can receive treatment, even in the 

special situation of the COVID-19 pandemic.  

However, this study has some limitations. First, the small 

number of included patients owing to the short observation 

period. Therefore, information on later complications could not 

be confirmed. Second, it cannot be ruled out that patients who 

were not diagnosed with COVID-19 during the study period had 

asymptomatic COVID-19. However, to the best of our knowl-

edge, this study is the first study to report the clinical features of 

COVID-19 in Korean children with nephrotic syndrome. These 

findings provide valuable evidence for determining the clinical 

prognosis of pediatric patients with nephrotic syndrome diag-

nosed with COVID-19. 

In conclusion, the clinical manifestations of COVID-19 in chil-

dren with nephrotic syndrome were not severe in spite of re-

ceiving the immunosuppressant medications and are expected 

to be similar to that in the general population. Further, the 

relapse rate of nephrotic syndrome in children with COVID-19 

was not different from them without COVID-19. 
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Introduction 

Alagille syndrome (ALGS) is an autosomal dominant cholestat-

ic liver disease involving multiple organs. Classic diagnosis of 

ALGS has been made clinically with at least three of the follow-

ing features: (1) cholestatic liver disease secondary to intrahe-

patic bile duct paucity; (2) cardiac anomalies (pulmonary artery 

stenosis or hypoplasia); (3) skeletal involvements (butterfly 

vertebrae); (4) ocular disorders (posterior embryotoxon); and 
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(5) characteristic facial features (prominent forehead, deep-set 

eyes with hypertelorism, pointed chin) [1-4]. Reported preva-

lence of ALGS ranges from 1:70,000 to 1:100,000 of live births [5].  

ALGS is known to be caused by mutations in either JAG1 or 

NOTCH2 gene (accounting for 94% or 2%, respectively) [3,6-9]. 

JAG1 and NOTCH2 genes play a crucial role in cell signaling of 

the Notch signaling pathway (NSP) during embryonic develop-

ment of several organs including the liver and kidney [6,10,11]. 

Crosnier et al. [11] presented that JAG1 expression is a contrib-
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uting factor to normal development of organs affected in ALGS 

including kidney. McCright [12] described that NSP is funda-

mental for kidney development. Several studies have demon-

strated the role of NSP especially in differentiation of nephron 

structures [13,14]. The NSP mediates epithelial specification 

and vascularization, eventually resulting in the formation of 

renal collecting system, mature glomerulus, and tubules [3]. 

Although the classic clinical criteria of ALGS do not comprise 

renal phenotypes, the role of signaling pathway supports the 

structural and functional renal involvement prevalent in ALGS. 

Furthermore, Kamath et al. [3] correlated renal dysplasia and 

proteinuria owing to abnormal expressions of both JAG1 and 

NOTCH2 in proximal nephrons and renal tubular acidosis (RTA) 

due to anomalous JAG1 expression in collecting duct. 

Previously, renal involvements encompassing structural ab-

normalities and impaired function have been documented in 

almost 40% of ALGS patients with JAG1 mutations [3,4]. Variable 

renal manifestations have been observed. The most prevalent 

renal finding is renal dysplasia with or without cysts followed by 

RTA and vesicoureteral reflux (VUR) [3,4]. However, only a few 

studies have characterized and described renal phenotypes. 

The objective of this study was to determine the prevalence, 

clinical manifestations, and outcomes of renal involvement in 

pediatric ALGS. 

Methods 

Study population 

A total of 21 patients diagnosed with ALGS at age under 18 

years who visited Samsung Medical Center from March 1999 to 

March 2022 were enrolled. ALGS was diagnosed either by clini-

cal manifestations, targeted sequencing of JAG1, and/or liver bi-

opsy. A retrospective review of medical records was performed. 

Clinical data included sex, age, renal manifestations, laboratory 

findings such as urinalysis, serum creatinine, JAG1 sequencing, 

ultrasonography and/or computed tomography of kidney, and 

operation history of liver transplantation. 

Definitions 

Renal dysplasia is a histological diagnosis. It generally refers to 

an abnormal differentiation or organization of renal structure, 

with or without the presence of renal cysts, ectopic tissue and 

impaired function [4,15]. In this study, renal dysplasia was de-

fined by increased echogenicity on ultrasound with or without 

renal cysts and decreased kidney size [4,15]. VUR was diagnosed 

using voiding cystourethrogram (VCUG), a gold standard for 

diagnosis [16]. Glomerular filtration rate (GFR) was estimated 

using the Schwartz equation [17]. Chronic kidney disease (CKD) 

was classified according to the 2012 Kidney Disease: Improving 

Global Outcomes CKD guideline [18]. Hepatorenal syndrome 

(HRS) is a kind of pre-renal failure due to significant decrease 

of renal perfusion occurring in patients with persistent portal 

hypertension [19]. New definition categorizes HRS into three 

groups: HRS-acute kidney injury (AKI), HRS-acute kidney dis-

ease (AKD), and HRS-CKD [20]. HRS-AKD and HRS-CKD are 

grouped together as HRS-non-AKI. HRS-CKD indicates pa-

tients with cirrhosis and estimated GFR <60 mL/min/1.73 m2 for 

more than 3 months. 

Genetic tests 

Sanger sequencing for JAG1 mutations was utilized as a confir-

mative diagnostic tool of ALGS from 2006 in this center. Four 

patients who visited the center in the early 2000s were diag-

nosed with ALGS based on clinical manifestations and patho-

logic findings of liver without genetic study.  

Results 

Demographic data 

A total of 21 patients diagnosed with ALGS at age under 18 

years who visited Samsung Medical Center from March 1999 to 

March 2022 were included in this analysis. Male to female ratio 

was 9:12. Confirmative diagnosis of ALGS was made at a mean 

age of 18.4 months (Table 1). 

Sanger sequencing for JAG1 

Sanger sequencing was done for 17 patients. Sixteen of 21 pa-

tients (76.1%) were found to have JAG1 mutations while one 

Table 1. Demographics and clinical data

Characteristic Value
Sex (male:female) 9:12
Age at diagnosis of Alagille syndrome (mo) 18.4 (0.3–46.2)
Confirmative diagnostic tool
 JAG1 sequencing 16 (76.1)
 Liver biopsy 4 (19.0)
 Clinical diagnosisa) 1 (4.76)
Liver transplantation 13 (61.9)

Values are presented as mean (range) or number (%).
a)The patient was also performed JAG1 sequencing but the result was 
negative.
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patient was negative for mutations (Table 1). Frameshift type 

accounted for 37.5% of detected JAG1 mutations, followed by 

missense and nonsense type mutations (Table 2). 

Extrahepatic manifestations 

The most common extrahepatic manifestation was cardiac 

findings (95.2%) mostly involving pulmonary arteries. Skeletal 

involvements such as butterfly vertebrae and ocular anomalies, 

generally posterior embryotoxon, were shown in 42.8% and 

19.0% of patients, respectively (Table 3). 

Renal involvement was found in 10 patients (47.6%), which 

was more prevalent than skeletal or ocular manifestations. 

Concurrent with previous studies, renal dysplasia (40%) was 

the most common type of renal anomalies. Others such as RTA, 

VUR/ureterovesical junction obstruction (UVJO), and nephro-

calcinosis (NC)/nephrolithiasis (NL) showed even distribution. 

One patient with renal dysplasia had undergone diagnostic ne-

phrectomy for incidentally detected renal mass. Xanthogranu-

lomatous pyelonephritis and glomerular lipid deposition were 

pathologically confirmed (Table 3). 

Renal manifestations and outcomes 

Details including outcomes of 10 patients with renal pheno-

types are organized in Table 4. Among these 10 patients, seven 

were found to have JAG1 mutation and the other three were 

not performed genetic test. The mean interval time from con-

Table 2. Types of JAG1 mutations

JAG1 mutation type Location No. (%)
Missense c.476G>T 4 (25.0)

c.550C>T
c.550C>T
c.1156G>A

Nonsense c.703C>T 4 (25.0)
c.2079T>A
c.2277C>A
c.3172C>T

Frameshift 6 (37.5)
 Deletion c.994_998delAACTG 4

c.1620delC
c.1630delG
c.2874_2875delTG

 Insertion c.2410_2411insGT 1
 Duplication c.1160dupG 1
Splicing site alteration c.3199+1G>A 1 (6.25)
Missense and frameshift c.925G>A 1 (6.25)

c.2637delC

Table 3. Extrahepatic manifestations of Alagille syndrome patients

Extrahepatic manifestations of Alagille syndrome No. (%)
Cardiac 20 (95.2)
Skeletal 9 (42.8)
Ocular 4 (19.0)
Renala) 10 (47.6)
 Renal dysplasia 4
 Renal tubular acidosis (proximal) 2
 Vesicoureteral reflux/ureterovesical junction 

obstruction
2

 Nephrocalcinosis/nephrolithiasis 2
 Glomerular lipid deposition 1

a)Glomerular lipid deposition was diagnosed simultaneously in one 
patient with renal dysplasia.

Table 4. Alagille syndrome patients with renal involvements and the outcomes

No. Sex JAG1 mutation
Time to renal  

diagnosis (mo)a) Renal finding Renal outcome

1 F Not tested 132.8 Renal dysplasia Renal function preserved
2 M Not tested 110.2 Nephrolithiasis ESWL
3 M Not tested 10.2 Nephrocalcinosis Expired
4 M c.2079T>A 39.2 Renal dysplasia CKD stage 3
5 M c.2874_2875delTG 2.8 Vesicoureteral reflux Defluxb) injection
6 M c.476G>T 25.7 Renal tubular acidosis CKD stage 3
7 M c.2277C>A 3.9 Renal tubular acidosis Expired
8 F c.925G>A 28.4 Renal dysplasia CKD stage 3

c.2637delCc) HRS-CKD
9 F c.1160dupG 5.6 Ureterovesical junction obstruction Renal function preserved
10 M c.3172C>T 0.2 Renal dysplasia CKD stage 3

Glomerular lipid deposition HRS-CKD

F, female; M, male; ESWL, extracorporeal shock wave lithotripsy; CKD, chronic kidney disease; HRS, hepatorenal syndrome.
a)Interval time between confirmative diagnosis of Alagille syndrome and renal diagnosis. b)Deflux: hyaluronic acid/dextranome gel used to treat 
vesicoureteral reflux. c)There is no available description whether the variants were cis- or trans-mutations.
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firmative diagnosis of ALGS to discovering renal involvement 

was 35.9 months. Renal phenotypes were categorized into four 

groups: renal dysplasia, RTA, VUR/UVJO, and NC/NL. 

All four patients with renal dysplasia had cystic kidney lesions 

and increased renal echogenicity on ultrasound. One of these 

four patients showed abnormal urinary finding as proteinuria. 

For all patients with renal dysplasia, there was no evidence of 

prenatal renal diagnosis and no definite causes of CKD other 

than ALGS at the time of diagnosis. Proximal RTA was noted 

as an initial renal finding in two patients. One of them expired 

shortly due to hepatic failure. Urinary tract anomalies were 

seen in two patients. Of these two patients, one was revealed 

bilateral VUR with grades 4 and 5 each after recurrent urinary 

tract infection (UTI) and needed urological intervention by in-

jecting hyaluronic acid/ dextranome gel to relieve the reflux. 

The other patient was incidentally detected unilateral UVJO and 

suspected VUR coexisting with hydronephrosis on abdominal 

sonography. However, VCUG was not done since there was no 

event of UTI. NC and NL occurred each in one patient and ex-

tracorporeal shock wave lithotripsy (ESWL) was performed in 

the patient with NL. 

Eventually, none of 10 patients with renal involvement pro-

gressed to end-stage kidney disease (ESKD). However, exclud-

ing two patients who expired from hepatic failure, half patients 

(4/8, 50%) progressed to CKD stage 3 with estimated GFR of 

30 to 59 mL/min/1.73 m2. Three of four CKD patients had renal 

diagnosis of dysplasia. Among the four CKD patients, two were 

diagnosed with HRS-CKD according to the new classification. 

Four patients preserved their renal functions, including two 

without any interventions and two who underwent urological 

interventions. 

Discussion 

This study was performed on a group of 21 pediatric patients 

who met ALGS criteria. Results of this study revealed that the 

overall prevalence of renal manifestations was 47.6%. To date, 

only a few studies have tried to analyze the incidence of renal 

involvements in pediatric ALGS. Through the 1980s and 1990s, 

the frequency range of renal involvement was suggested to be 

from 19% to 74% [21-23]. Recently in 2012, Kamath et al. [4] pub-

lished the largest retrospective cohort study including 187 ALGS 

patients with renal involvement. The prevalence of renal anom-

alies or diseases was assumed to be 39% in that study with the 

most common phenotype being renal dysplasia, followed by 

RTA, VUR, and urinary obstruction. In 2018, Di Pinto and Adrag-

na [24] also performed a retrospective study on the presence 

and outcomes of renal manifestations in 21 children with ALGS 

and found that the incidence of renal involvement was 85.7%, 

with renal dysplasia being the most frequent renal anomaly. 

Renal involvements in the current research also showed a high 

incidence. 

Among the 17 children from this center who had Sanger se-

quencing done for JAG1 mutation, 16 (76.1%) were confirmed to 

have gene mutations. Genotype-phenotype correlation analy-

sis was not performed due to small number of the patients. 

The most common type of renal anomalies was renal dyspla-

sia (40%), consistent with previous studies [4,24]. One patient 

with renal dysplasia was pathologically confirmed xanthogran-

ulomatous pyelonephritis with glomerular lipid deposition. 

This finding was consistent with earlier reports showing that 

glomerular lipid deposition was a consequence of abnormal 

lipid metabolism of ALGS [10,25,26]. 

Striking point of this study was the prevalence of NC/NL. 

NC and NL have not often been documented as typical renal 

anomalies in ALGS patients. However, two (20%) out of 10 re-

nal-involved patients in the present study showed significant 

renal stones or calcification. One patient with NL needed ESWL 

but no causative factors were discovered since stone analysis 

was not done at the time and there was no evidence of either 

tubular dysfunction or UTI. The other patient with incidentally 

detected NC could possibly manifested tubular dysfunction 

regarding the low urinary osmolality and specific gravity. More-

over, when closely examining the other eight patients classified 

to have other main types of renal involvement, two patients 

with renal cystic lesions also had histories of transient renal 

stones. The high incidence of NC/NL was consistent with pre-

vious studies suggesting relations between renal cystic lesions 

and tendency of forming kidney stones [27-29]. 

During the follow-up, four renal-involved patients who are 

alive have progressed to CKD stage 3. Of these four CKD pa-

tients, three had renal dysplasia and one had RTA. However, 

two of these four patients had HRS during the clinical course. 

According to Kamath et al. [4], percentages of patients with 

CKD and ESKD requiring kidney transplant were 5.4% and 4.1%, 

respectively. Given that 50% of our patients with renal involve-

ment proceeded to CKD and only 25% preserved renal function 

without any interventions, the prognosis of sequential renal 
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disease in pediatric ALGS was considered to be poor. Still, the 

mean time to renal diagnosis was almost three years. In con-

trast, all patients were screened for cardiac anomalies during 

initial evaluation. Regarding the incidence and prognosis of 

renal manifestations, all clinicians involved in managing ALGS 

should team up with nephrologists closely from the initial di-

agnosis. Although renal anomaly is not included in the classic 

criteria, watchful follow-up of renal manifestations in pediatric 

ALGS is needed. 

However, the current study has some limitations. First, this 

study was performed as a single-center retrospective review. 

The study population was small in size and there were miss-

ing records such as urine chemistry. Also, the onset of renal 

diagnosis including renal dysplasia was not clear since most 

of patients were incidentally detected abnormal sonographic 

findings during the course ALGS. Therefore, the interval time to 

renal diagnosis could be measured longer than the actual time 

from the onset. Second, genetic confirmation was done with 

Sanger sequencing, targeting only JAG1 mutation. Thus, ALGS 

patients without JAG1 mutation were not genetically analyzed. 

In summary, we found a high prevalence of renal involve-

ments in Korean pediatric ALGS with diverse phenotypes, 

highlighting the importance of nephrologic evaluation and fol-

low-up. There has been a lack of publication documenting renal 

phenotypes of pediatric ALGS, especially in Asia. This is the first 

study to represent renal anomalies accompanied by ALGS in 

Korean children. Further study with multicenter large sample 

is needed afterward. Furthermore, with commercialization of 

advanced genetic analysis, genotype-phenotype correlation of 

renal manifestations in ALGS might be possible in the future. 
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Introduction 

Rapidly progressive glomerulonephritis (RPGN) is a clinical 

syndrome with progressive loss of kidney function that occurs 

within days to a few months [1], a rare disorder in children. The 

histopathological diagnosis of RPGN is crescentic glomeru-

lonephritis [1], characterized by epithelial crescents involving 

50% or more glomeruli, which clinically manifests as hema-

turia, variable degrees of proteinuria, oliguria, hypertension, 

and edema, and glomerular filtration rate (GFR) is decreased 

at diagnosis in almost all cases. The extensive glomerular cres-

cent formation may lead to kidney failure or death [2]. Prompt 

and precise diagnosis of antineutrophil cytoplasmic antibody  
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(ANCA)-associated glomerulonephritis is necessary for imme-

diate initiation of appropriate treatment because renal function 

at the time of biopsy is a strong predictor of renal outcomes [1,3]. 

Although numerous studies have suggested that serum ANCA 

titers may aid in the prediction of relapse [2,4,5], no study has 

reported whether serum ANCA titers may have utility in early 

diagnosis and determination of treatment. Here, we report 

two pediatric patients who presented with hematuria, varying 

degrees of proteinuria, and normal renal function; the disease 

course was different between the two patients who were AN-

CA-positive. 
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Case report 

Case 1 

An 11-year-old boy presented with asymptomatic micro-

scopic hematuria and mild proteinuria, which were detected 

in a school screening program. He had no specific medical 

or family history of kidney disease. His blood pressure was 

107/74 mmHg, the estimated GFR (eGFR) was 103 mL/min/1.73 

m2 based on the Schwartz equation in children, and the my-

eloperoxidase (MPO)-ANCA titer was >134 IU/mL (reference 

range: <3.5 IU/mL). Other laboratory and ultrasonographic 

findings were nonspecific. There were 11 to 20 red blood cells 

per high-power field (RBC/HPF) in urinalysis, and the urine 

protein-to-creatinine ratio (UPCR) was 0.34. During regular fol-

low-up, proteinuria gradually worsened. Ten months later, he 

was hospitalized with worsening proteinuria, hematuria, and 

newly developed rash on both legs during regular follow-up. His 

blood pressure was 116/71 mmHg, eGFR was 86 mL/min/1.73 m2, 

and the MPO-ANCA titer was >134 IU/mL. Urinalysis indicated 

many RBC/HPF, and the UPCR was 1.72. Renal biopsy examina-

tion revealed focal extracapillary proliferative glomerulone-

phritis and necrotizing glomerulonephritis, with cellular cres-

cents in 34 of the 104 glomeruli (Fig. 1). Immunofluorescence 

and electron microscopy did not show immune deposits. He 

was treated with methylprednisolone (1,000 mg/day for 3 con-

secutive days), azathioprine (50 mg/day), and an angiotensin re-

ceptor blocker. After 17 days of azathioprine, urinalysis showed 

increased proteinuria (UPCR, 2.13). Azathioprine was changed 

to mycophenolate mofetil (500 mg/day), which was maintained 

over 3 years. One month after using azathioprine, the eGFR and 

proteinuria normalized, the MPO-ANCA titer decreased to <30 

IU/mL, and hematuria disappeared. 

Case 2 

A 13-year-old girl presented with asymptomatic microscopic 

hematuria. She had no specific medical history. Her mother 

had a history of hematuria due to a renal stone. Her blood pres-

sure was 98/65 mmHg, eGFR was 151 mL/min/1.73 m2, and the 

MPO-ANCA titer was 11 IU/mL (reference range: <3.5 IU/mL). 

Urinalysis showed 6 to 10 RBC/HPF, and the UPCR was 0.12. The 

urine calcium-to-creatinine ratio was 0.045. Other laborato-

ry and ultrasonographic findings were nonspecific. She has 

been on routine follow-up without medication for 3 years with 

isolated microscopic hematuria and normal renal function. 

Her MPO-ANCA titer was not negative but has persistently re-

mained low below 20 IU/mL. 

Fig. 1. Pathological findings. (A) A glomerulus with segmental cellular crescent and thin and delicate glomerular capillary walls (periodic acid-
Schiff stain, ×400). (B) Mild interstitial inflammatory cell infiltration and fibrosis (hematoxylin & eosin stain, ×400).

AA BB50 µm 50 µm
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Discussion 

In this study, the MPO-ANCA titer measured during the initial 

workup differed between the two pediatric patients, both of 

whom presented with hematuria. The initial evaluation of pedi-

atric patients with asymptomatic hematuria includes medical 

history, physical examination, urinalysis, blood tests, and renal 

ultrasonography [6]. Renal biopsy is performed in patients with 

persistent glomerular hematuria accompanied by significant 

proteinuria or deteriorating renal function [6]. ANCA-associat-

ed glomerulonephritis is rare, and measuring ANCA titers may 

be optional for the initial workup. In our hospitals, there are two 

types of ANCA titer test: indirect immunofluorescence, a quali-

tative test that can confirm perinuclear ANCA and cytoplasmic 

ANCA, and fluoroenzyme immunoassay, which can confirm 

anti-proteinase 3 and anti-MPO, a quantitative test. Both pa-

tients were tested with fluoroenzyme immunoassay. If a high 

ANCA titer is measured along with proteinuria, ANCA-associat-

ed glomerulonephritis should be considered. Differential diag-

nosis for positive ANCA includes other immune diseases such 

as inflammatory bowel disease, rheumatoid arthritis, infection, 

and connective disease [7]. Therefore, clinical correlation is 

necessary when interpreting the results. If there is a possibil-

ity of ANCA-associated glomerulonephritis, the prognosis of 

pauci-immune RPGN can be very poor, and early diagnosis and 

intensive treatment are crucial to prevent progression to end-

stage renal disease. A positive ANCA test demands a shorter 

monitoring interval. 

Renal biopsy was performed in the first patient with a high 

MPO-ANCA titer and aggravating proteinuria but not in the 

second patient with a low MPO-ANCA titer with asymptomat-

ic microscopic hematuria. The first patient was diagnosed as 

RPGN associated with ANCA-associated vasculitis referring to 

the fact that proteinuria worsened and GFR decreased on fol-

low-up. His clinical course seemed to be rather prolonged con-

sidering the diagnosis of RPGN. Still, we suppose we could have 

diagnosed in the very early phase of RPGN before the rapid 

progression due to the early detection of ANCA on routine sur-

veillance tests. Skin rash on the legs can also be considered as 

vasculitis. Renal biopsy is the gold standard for RPGN diagnosis 

[8]. Although the early diagnosis of RPGN is essential to pro-

tect against progression to end-stage renal disease, RPGN can 

be diagnosed only in 30% of pediatric patients through renal 

biopsy performed early in patients with normal renal function 

[9]. Early renal biopsy may not be appropriate in ANCA-positive 

patients with microscopic hematuria and normal renal func-

tion. In clinical practice, the diagnosis may be based on clinical 

manifestation and positive ANCA serology especially in the 

early phase of RPGN [10]. 

The clinical course differed between the two patients with 

different MPO-ANCA titers. The first case with a high MPO-AN-

CA titer exhibited increasing proteinuria and decreasing renal 

function several months after the initial presentation, in con-

trast to the second case with a persistently low MPO-ANCA titer. 

Several studies have reported that the elevation in ANCA titers 

is pathogenic and associated with extensive disruption of glo-

merular capillary walls [2]. The ANCA titer has also been report-

ed usually high at the time of biopsy or during the active disease 

phase and may disappear several months after treatment [11]. 

However, not only the ANCA titer but also other ANCA-as-

sociated factors, such as the ANCA IgG subclass, the epitope 

profiles, and the ability of ANCA to bind to its natural inhibitor, 

may be associated with renal histopathology, disease severi-

ty, and clinical course [12]. Nevertheless, patients with higher 

ANCA titers are more likely to be diagnosed with vasculitis [10]. 

ANCA is also helpful in monitoring disease relapse, which is 

common in ANCA-associated glomerulonephritis. In a study of 

246 patients with ANCA-associated glomerulonephritis, Booth 

et al. [4] reported that relapse occurred in 34% of patients after 

a median of 13 months. A rise and persistently positive ANCA 

titer are significantly associated with relapse in patients with 

renal involvement [5]. Recent studies have revealed that the 

probability of major recurrence is low in patients who became 

ANCA-negative during follow-up [2]. 

The first patient was initially treated with methylpredniso-

lone pulse therapy, which was switched to oral steroid thera-

py, and azathioprine, which was changed to mycophenolate 

mofetil; this treatment approach resulted in an excellent clini-

cal outcome. Due to its rarity, there are no standard treatment 

protocols for ANCA-associated glomerulonephritis in children. 

High-dose intravenous cyclophosphamide and glucocorti-

coids are conventional treatments commonly used to induce 

remission in adults [13]. Recent studies suggest that plasma 

exchange with immunosuppressants in severe cases results in 

early improvement of renal function by removing circulating 

ANCAs [14]. Azathioprine, mycophenolate mofetil, or metho-

trexate s recommended for maintenance therapy in patients at 

risk of recurrence because of treatment-related toxicities, such 

as infection, infertility, and malignancy [13]. Cyclosporin is not 

recommended due to its nephrotoxicity. In case of relapse fol-
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lowing cyclophosphamide treatment, rituximab with a reduced 

risk of nephrotoxicity is recommended [15]. 

In the first patient with high MPO-ANCA titers, renal biop-

sy was performed after increased proteinuria was detected 

and immunosuppressive treatment was initiated. A relevant 

question is whether treatment should be postponed until the 

diagnosis of ANCA-associated glomerulonephritis is confirmed 

through renal biopsy performed following disease progression. 

Early initiation of immunosuppressants may be beneficial for 

patients with proteinuria and persistently high ANCA titers 

despite normal renal function and can improve the clinical 

outcome and reduce drug toxicity. The utility of ANCA titers in 

predicting relapse and routine measurement of ANCA titers 

during follow-up remains debatable since an increase in ANCA 

titers does not always indicate a relapse. The question remains 

whether initiating immunosuppressant treatment in advance 

in patients with increasing ANCA titers is beneficial even with-

out other clinical signs, such as proteinuria. In patients at risk 

for disease relapse, changes in ANCA titers may be an indica-

tion for treatment, but future studies are warranted. 

In conclusion, ANCA-associated glomerulonephritis pro-

gresses rapidly and often relapses, and delayed treatment leads 

to a poor prognosis. Detection and measurement of serum 

ANCA titers along with clinical features may facilitate early di-

agnosis and prognostic prediction in ANCA-associated glomer-

ulonephritis. Although pediatric ANCA-associated glomerulo-

nephritis is rare, persistently high ANCA titers might be related 

to the progression of kidney disease. Pediatric patients with low 

ANCA titers may follow a benign clinical course.  
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Introduction 

Immunoglobulin A (IgA) nephropathy (IgAN) is the most com-

mon type of glomerulonephritis in children globally, especially 

in Asian and European countries [1]. The coronavirus disease 

2019 (COVID-19) is a global health problem that has spread from 

Wuhan city in China to places around the world since Decem-

ber 2019. The pathogen responsible for this, severe acute respi-

ratory syndrome coronavirus 2 (SARS-CoV-2), can damage the 

kidney and result in acute kidney injury (AKI) or acute tubular 

necrosis as well as a respiratory compromise [2]. After the U.S. 

Food and Drug Administration approved the use of the Pfizer 

COVID-19 vaccine for children in 2021, a few cases of IgAN flare 

up or IgAN newly diagnosed after vaccination have been re-
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ported [3]. However, most of the newly diagnosed IgAN cases 

have been reported in adults [3]. Herein, we report a rare case of 

a pediatric patient with gross hematuria and newly diagnosed 

IgAN after administration of the Pfizer vaccine. 

Case report 

A 12-year-old girl was referred to our emergency department 

with gross hematuria and heavy proteinuria (random urine 

protein-to-creatinine ratio [PCR] of 4.94 g/g, normal <0.2 g/g) 

after the second dose of the messenger RNA (mRNA)-based 

COVID-19 vaccine (Pfizer). She had no hematuria after the first 

dose but developed dark-brown-to-red hematuria several 

hours after administration of the second dose of the vaccine 
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2 days prior to admission. The gross hematuria disappeared 

the next day; the patient had no fever or urinary symptoms ex-

cept for hematuria, abdominal pain, and symptoms of upper 

respiratory infection over the previous 4 weeks. She denied 

performing strenuous exercise or experiencing recent trau-

ma. Her initial vital signs were as follows: blood pressure of 

137/80 mmHg (systolic >95th percentile +12 mmHg, diastolic 

>95th percentile), pulse rate of 90 beats/min, respiratory rate 

of 16 breaths/min, body temperature of 37.2°C, and oxygen 

saturation of 99% for room air. Her body weight was 55.2 kg 

(86th percentile) and her height was 150.1 cm (29th percentile), 

with a body mass index of 24.5 kg/m2 (95th percentile). Physical 

examination revealed no specific findings, and pretibial pit-

ting edema was not obvious. Initial urinalysis showed severe 

microscopic hematuria (>60 red blood cells/high power field 

[RBCs/HPF]) and heavy proteinuria (urine PCR 2.9 g/g). Her 24-

hour urine protein level was 2,455 mg/day (71.8 mg/m2/hr). The 

dysmorphic RBC content in the urine was 43% of the total RBC. 

The urine myoglobin level was mildly elevated at 91.7 ng/mL 

(reference: 0–25 ng/mL). The initial blood test results were as 

follows: blood urea nitrogen=15.5 mg/dL, creatinine=0.8 mg/

dL, aspartate aminotransferase=20 U/L, alanine aminotrans-

ferase=9 U/L, protein=7.2 g/dL, albumin=4.4 g/dL, total choles-

terol=246 mg/dL, myoglobin <21 ng/mL (reference: 25–72 ng/

mL), C-reactive protein=0.49 mg/dL, procalcitonin=0.14 ng/mL 

(reference: <0.15 ng/mL), IgA=357 mg/dL (reference: 42–295 mg/

dL), C3=149 mg/dL (normal: 75–175 mg/dL), and C4=17.6 mg/dL 

(normal: 14–40 mg/dL). On the 3rd day of hospitalization, her 

serum protein and albumin levels decreased (6.2 and 3.5 g/dL, 

respectively), and the cholesterol level remained persistently 

high (218 mg/dL). The creatine phosphokinase (CPK) level was 

257 U/L (reference: 26–192 U/L), and urine myoglobin was nor-

malized (<21 ng/mL). We started steroid (deflazacort) therapy at 

a dose of 1 mg/kg/day and an angiotensin-converting enzyme 

(ACE) inhibitor (enalapril) at 0.1 mg/kg/day owing to suspicion 

of acute glomerulonephritis. We then conducted a kidney 

biopsy to confirm the diagnosis on the 6th day of admission. 

Microscopic findings from the kidney biopsy revealed IgAN 

Fig. 1. Microscopic findings from the kidney biopsy. (A) Mesangial cell proliferation (black arrows). (B) Interstitial fibrosis (black arrow). (C) 
Immunoglobulin A deposits. (D) Electron dense deposits (white arrows) in the mesangial area (A and B: hematoxylin and eosin stain, ×40 and ×20; 
C: immunofluorescence staining, ×20; D: electron microscopy, ×6,000).
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as shown in Fig. 1; there were hypercellular glomeruli (<50%) 

involving mesangial cells (hematoxylin and eosin staining) and 

moderate amounts of mesangial deposits (electron microscopy 

finding). Cellular crescents were found in five glomeruli (21%), 

and the epithelial cells showed slight focal effacement of the 

foot processes. The tubules showed moderate focal atrophy and 

loss with infiltration of mononuclear cells, together with mild 

interstitial fibrosis. Immunofluorescence microscopy showed 

mesangial staining of predominant IgA (3+), C3 (1+), and kappa 

(2–3+). Therefore, we confirmed our diagnosis of IgAN grade 

II (H.S. Lee's glomerular grading system). On the 10th day of 

admission, the serum creatinine and urine PCR levels were 

reduced to 0.61 mg/dL and 0.52 g/g, respectively; she was then 

discharged from the hospital. While the microscopic hematuria 

persisted, the urine PCR continued to decrease, with a value of 

0.34 g/g approximately 1 month after discharge; the total cho-

lesterol level at this time was 237 mg/dL. She had no hematuria 

or proteinuria (urine PCR 0.1 g/g) at 4 months after discharge 

from the hospital, and the total cholesterol level had decreased 

to 211 mg/dL. We gradually tapered off the steroid dose (0.4 mg/

kg/day). The clinical course is presented in Fig. 2. 

Discussion 

This is a case report of pediatric IgAN presenting with gross 

hematuria and heavy proteinuria related to administration of 

the second dose of the mRNA-based COVID-19 vaccine. To the 

best of our knowledge, this is the first pediatric case report in 

Korea. Similar to other respiratory viruses, infection with the 

SARS-CoV-2 pathogen, which has become a global pandemic, 

can cause nephropathy in children [4]. This condition is mostly 

represented by tubular-interstitial nephritis, AKI, proteinuria, 

and hematuria [2]. However, the vaccine for SARS-CoV-2 can 

also induce glomerulonephritis in children [5]. According to a 

study by Klomjit et al. [6], IgAN is the most common kind of glo-

merulonephritis related to the mRNA-based COVID-19 vaccine. 

Globally, this is a rare case report till date. 

The pathogenesis of IgAN has a multihit hypothesis. The 

production of galactose-deficient IgA1 in the hinge region 

contributes to revelation of N-acetylgalactosamine glycan, 

which is highly antigenic [7]. The galactose-deficient IgA1 com-

bines with the autoantibody and forms circulatory immune 

complexes in patients with IgAN who lack mucosal immunity. 

Fig. 2. Clinical course of our patient. The quantity of urine RBCs is scored according to five stages (0: 1–4 RBCs/HPF; 1: 5–9 RBCs/HPF; 2: 10–29 
RBCs/HPF; 3: 30–60 RBCs/HPF; 4: >60 RBCs/HPF). RBCs, red blood cells; HPF, high power field; Cr, creatinine; PCR, protein-to-creatinine ratio; 
mRNA, messenger RNA; COVID-19, coronavirus disease of 2019.
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tion for COVID-19 in children and an adult, respectively. 

In case reports of renal complications after COVID-19 vacci-

nation, most patients presented with fever and gross hematu-

ria within 1 or 2 days after administration of the Pfizer mRNA 

COVID-19 vaccine and accompanied by proteinuria [3]. Ab-

del-Qader et al. [13] reported the case of a 12-year-old boy with 

IgAN who developed gross hematuria and heavy proteinuria (1.7 

g/day) within 24 hours after the first dose of the Pfizer COVID-19 

vaccine. Our patient showed gross hematuria and proteinuria 

on the day following the second dose of mRNA-based COVID-19 

vaccination, and IgAN was newly diagnosed. The development 

of rhabdomyolysis was monitored initially because the patient 

had mild myalgia, macroscopic hematuria with laboratory 

findings of mildly elevated serum CPK, and urine myoglobin. 

However, the serum CPK did not exceed 1,000 U/L. In addition, 

the serum CPK and urine myoglobin levels resolved to the nor-

mal ranges within 2 days after intravenous fluid therapy. No-

tably, rhabdomyolysis has been reported not only in COVID-19 

infection but also as a complication of vaccination for COVID-19 

[14]. Nassar et al. [14] reported mRNA-based COVID-19 vac-

cine-related rhabdomyolysis in a 21-year-old male with a CPK 

of 22,000 U/L and presumed that it could be mediated by cyto-

kine storm and direct viral invasion. 

There have been reports of pediatric IgAN after COVID-19 

vaccination. Horino et al. [5] reported the case of a 17-year-old 

male with de novo IgAN induced by the second dose of Pfiz-

er vaccination. Hematuria (>100 RBCs/HPF) and proteinuria 

(urine PCR 1.4 g/g) remained persistent even 1 week later; after 2 

months, the condition of the patient still had not improved, thus 

prompting the use of steroid pulse therapy. Morisawa and Hon-

da [15] reported a 16-year-old male with flare up of known IgAN 

after the second dose of Pfizer vaccination; gross hematuria oc-

curred on the day of vaccination, and the authors initiated pulse 

therapy of methylprednisolone 1 g over 2 weeks from 35 days 

post vaccination followed by prednisolone 60 mg every other 

day. Since the patient showed an aggravated creatinine level of 

1.29 mg/dL on day 55, prednisolone was used daily for 4 weeks; 

azathioprine was then added. In contrast, our patient recovered 

relatively rapidly because treatment was initiated earlier than 

in the above cases. The urine PCR (0.34 g/g) and microscopic 

hematuria decreased approximately 1 month after treatment. 

The urine PCR reduced more effectively to within normal range 

(0.19 g/g) 2 months later. Microscopic hematuria was resolved 

completely after 4 months. We administered oral steroid and 

ACE inhibitor to our patient from the onset of symptoms. Ac-

Then, it is deposited in the renal glomerular mesangium and 

causes IgAN. Other pathophysiological mechanisms include 

inflammatory cascade, such as cytokines, chemokines, and 

activation of the complement pathway stimulated by immune 

complexes [7]. With respect to COVID-19 infection, Bitencourt 

et al. [8] have suggested that SARS-CoV-2 can directly cause 

injury to the renal tubular cells and podocytes via binding to the 

ACE2 on the cellular membrane. Direct cell damage can disturb 

the clearance of angiotensin II, leading to dysregulation of the 

renin-angiotensin system [8]. In addition, through response to 

viral infection, the cytokine storm can recruit leukocytes and 

neutrophils, ultimately causing endothelial injury and AKI [2]. 

Therefore, it is plausible that SARS-CoV-2 can induce renal 

glomerular and tubular injuries by different mechanisms. Ser-

afinelli et al. [4] reported two different cases of biopsy-proven 

acute tubulointerstitial nephritis in a 12-year-old girl and a sec-

ond kidney-biopsy-proven crescentic glomerulonephritis in a 

10-year-old girl with previously diagnosed Henoch–Schonlein 

purpura nephritis related to SARS-CoV-2 infection. Never-

theless, the mechanism by which the mRNA-based COVID-19 

vaccine involves the kidney is not yet obvious [3]. In a study by 

Wisnewski et al. [9] where four subjects were vaccinated with 

the Pfizer or Moderna vaccine and had never had COVID-19 

before, the SARS-CoV-2 spike antigen-specific serum IgA and 

IgG increased geometrically to peak levels at approximately 20 

and 7 days after the first and second doses of the mRNA-based 

vaccine, respectively, and persisted for 100 days or more. Agrati 

et al. [10] found that all naive COVID-19 subjects showed signifi-

cant elevations of the anti-receptor-binding domain antibodies 

after the first and second doses of the Pfizer mRNA  vaccine 

(BNT162b2). Furthermore, the production of T helper 1 cyto-

kines, such as interferon-γ, tumor necrosis factor-α, and inter-

leukin 2 in spike-specific T cells, increased significantly [10]. In 

accordance with these results, the enhancement of the circu-

lating IgA, B, and T-cell responses after mRNA-based COVID-19 

vaccination might affect the glomerulus and cause IgAN, as in 

our case. Klomjit et al. [6] also reported new cases and relapse of 

glomerulonephritis after mRNA-based COVID-19 vaccination. 

IgAN was the most common type among patients after vacci-

nation. This finding might be attributed to the fact that IgA in-

volves major immune responses after mRNA-based COVID-19 

vaccination. Udagawa and Motoyoshi [11] also reported that 

relapse and flare up of adolescent IgAN could occur after vacci-

nation even during remission. Horino et al. [5] and Kudose et al. 

[12] reported newly diagnosed cases of IgAN following vaccina-
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cording to the study by Klomjit et al. [6], the COVID-19 vaccine 

may stimulate preexisting IgAN by immune activation in sus-

ceptible patients rather than lead to the development of de 

novo IgAN. In patients with IgAN, 30% progressed to AKI and 

40% had massive proteinuria after COVID-19 vaccination [5]. In 

the present case, our patient did not develop AKI. Her clinical 

manifestations of macroscopic hematuria and proteinuria im-

proved earlier than in the abovementioned pediatric cases [5,15]. 

It was unclear whether IgA deposits were present in the kidney 

before COVID-19 vaccination or whether new IgA antibodies 

were deposited after vaccination. In either case, we should 

closely monitor the possibility of relapse and de novo IgAN af-

ter mRNA-based COVID-19 vaccination. Serial assessments of 

proteinuria and kidney function should also be performed for 

high-risk patients. 

We report a rare case of newly diagnosed IgAN associated 

with mRNA-based COVID-19 vaccine in a 12-year-old girl who 

presented with gross hematuria and heavy proteinuria. While 

the short-term clinical outcome seems favorable, we need to 

establish long-term follow-up of our patient. Further studies 

with a larger scale of cases are required to unearth the precise 

mechanisms of IgAN following mRNA-based COVID-19 vac-

cination. Pediatricians should also take into account the pos-

sibility of renal complications after COVID-19 vaccination and 

during COVID-19 infection. 
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Introduction 

Coronavirus disease 2019 (COVID-19) is a major public health 

issue worldwide. Vaccines are considered the best strategy to 

prevent the spread of the virus and reduce its severity. More 

than 80% of people were vaccinated in Korea. Vaccination was 

also approved for adolescents and children. However, the re-

cord speed of the development and approval of these vaccines, 

as well as high vaccination rates have raised concerns regard-

ing their safety. We present two adolescent cases that devel-

oped a hypertensive crisis following NT162b2 (Pfizer-BioNTech) 

mRNA COVID-19 vaccination. 
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Hypertensive crisis following mRNA COVID-19 vaccination 
in adolescents: two case reports

Myung Hyun Cho1 , Hae Il Cheong1 
1Department of Pediatrics, Hallym University Sacred Heart Hospital, Anyang, Republic of Korea

In response to the global coronavirus disease 2019 (COVID-19) pandemic, vaccines were developed and approved quickly. Howev-
er, numerous cardiovascular adverse events have been reported. We present two adolescent cases who developed a hypertensive 
crisis following NT162b2 mRNA COVID-19 vaccination. Patient 1 was an 18-year-old male and his systolic blood pressure was 230 
mmHg one day after the second vaccine. He was obese. No secondary cause of hypertension other than the vaccine was identi-
fied. Patient 2 was an 18-year-old male who complained with palpitation after the first vaccine. His blood pressure was 178/109 
mmHg. He had autosomal dominant polycystic kidney disease. Both were treated with continuous infusion of labetalol followed 
by losartan, and blood pressure was controlled. Patient 2 received second vaccination and his blood pressure did not rise. It is 
warranted to measure blood pressure in adolescents at high risk of hypertension after NT162b2 mRNA COVID-19 vaccination. 
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Cases report 

Case 1 

Patient 1 was an 18-year-old male who complained of fever 

discovered a day after the second NT162b2 mRNA COVID-19 

vaccine. His systolic blood pressure measured at a local hos-

pital was 230 mmHg. Four days later, the patient visited our 

hospital with persistent hypertension. His initial blood pressure 

was 190/125 mmHg, but he was asymptomatic. He denied the 

relevant past medical history. He remembered that his systolic 

blood pressure was 130 mmHg a year prior. He did not com-

plain of any symptoms after the first vaccine. His father had 

hypertension. His height and weight were 185 cm and 100 kg, 

respectively (body mass index, 29.2 kg/m2). Renal and thyroid 

function test results were all within the normal ranges. Plasma 
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renin activity and aldosterone levels were 0.18 ng/mL/hr (refer-

ence range, 0.17–5.38 ng/mL/hr) and 6.4 ng/dL (reference range, 

2.5–39.2 ng/dL), respectively. The aspartate aminotransferase 

and alanine aminotransferase levels were 48 IU/L and 80 IU/

L, respectively. The creatine kinase-MB, troponin I, brain natri-

uretic peptide levels were all within the normal ranges. Urinal-

ysis and urinary metanephrines results were normal. Doppler 

ultrasonography revealed no evidence of renal artery stenosis 

but showed diffusely increased hepatic parenchymal echoge-

nicity, consistent with nonalcoholic steatohepatitis. His blood 

pressure subsequently normalized after initiation of labetalol 

continuous infusion therapy at a rate of 0.5 mg/min and then 

switched to 100 mg daily oral losartan. Echocardiography re-

vealed no left ventricular hypertrophy but showed mild diastol-

ic abnormality due to obesity. Fundus examination results were 

normal. After 5 months, his blood pressure was maintained at 

135/81 mmHg with 100 mg of daily losartan. 

Case 2 

Patient 2 was an 18-year-old male who complained of pal-

pitation and dyspnea 3 hours after the first NT162b2 mRNA 

COVID-19 vaccine. His vital signs included a blood pressure of 

178/109 mmHg, a heart rate of 75 beats/min, and a respiratory 

rate of 20 breaths/min. His mother and grandmother had auto-

somal dominant polycystic kidney disease (ADPKD). At the age 

of 4 years, he had a splenic rupture in a car accident and bilat-

erally enlarged kidneys were confirmed. However, he was not 

followed up. He remembered that his systolic blood pressure 

was 140 mmHg at a routine school checkup 3 years ago. His 

height and weight were 185 cm and 78 kg, respectively. Blood 

and urine tests, including evaluation of hormone levels, were 

all normal. Plasma renin activity and aldosterone levels were 

0.19 ng/mL/hr and 10.3 ng/dL, respectively. Kidney ultrasonog-

raphy revealed enlarged kidneys with numerous variable-sized 

cysts, which were compatible with ADPKD. Echocardiography 

revealed a small amount of pericardial effusion, consistent with 

mild acute pericarditis, which improved a week later. No left 

ventricular hypertrophy was observed. A labetalol continuous 

infusion at a rate of 0.5 mg/min was started and the blood pres-

sure decreased. The patient was switched to losartan therapy. 

Fundoscopy and brain magnetic resonance imaging revealed 

no abnormalities. Four months later, the patient received a 

second NT162b2 mRNA vaccination without a hypertensive 

episode. His blood pressure was 137/85 mmHg with 100 mg of 

losartan daily in the outpatient clinic after 5 months. 

Discussion 

A hypertensive crisis is an acute episode of severe elevation in 

blood pressure with the potential for end-organ damage [1]. It is 

a clinical diagnosis and there are no specific cutoffs in pediatric 

patients [1]. Hypertensive crisis in pediatric patients is mainly 

due to secondary causes and medications are one of them [1]. 

Meylan et al. [2] reported nine adult cases of hypertensive crisis 

following mRNA COVID-19 vaccination. Eight patients received 

NT162b2 vaccine and one did mRNA-1273 (Moderna) vaccine 

[2]. Eight patients had a medical history of hypertension [2]. A 

hypertensive crisis was documented within minutes of vacci-

nation [2]. It was even reported that an elderly female without 

a past history of hypertension passed away of intracranial 

hemorrhage due to hypertensive crisis (blood pressure 210/110 

mmHg) after mRNA-1273 COVID-19 vaccination [3]. According 

to VigiBase, the global database of individual case safety re-

ports, there were more cardiovascular adverse events following 

immunization with mRNA COVID-19 than other vaccines [4]. 

Compared to influenza vaccination, mRNA COVID-19 vaccines 

showed a higher risk for hypertensive crisis (adjusted reporting 

odds ratio, 12.7; 95% confidence interval, 2.47–65.5) [4]. 

We hypothesized that NT162b2 mRNA COVID-19 vaccina-

tion provoked a hypertensive crisis in our cases. Patient 1 had 

obesity and patient 2 had ADPKD as a risk factor for high blood 

pressure. However, considering the usual blood pressure they 

remembered, there was a factor that raised blood pressure 

rapidly. We examined in detail the causes. They were vacci-

nated just before their blood pressure was measured high and 

no other suspects were found. There was also no end-organ 

damage suggesting chronic exposure to high blood pressure. 

The most reliable mechanism by which mRNA COVID-19 vac-

cination raises blood pressure is the interaction between the 

spike protein and angiotensin-converting enzyme 2 (ACE2). A 

spike protein is a glycoprotein on the surface of the COVID-19 

virion. It enables entry of the virion into cells through binding to 

ACE2 [5]. The NT162b2 vaccine consists of mRNAs that encode 

a spike protein to utilize the spike protein as its antigen [5]. The 

NT162b2 vaccine increases the endogenous synthesis of the 

spike protein. A spike protein binds to ACE2 to enter the cell and 

downregulates ACE2-involving pathways concomitantly [6]. 

The functions of ACE2 are the synthesis of inactive angioten-

sin-(1–9) from angiotensin I and the catabolism of angiotensin 

II to produce angiotensin-(1–7) which reduces vasoconstriction, 

and water retention [7]. Eventually, downregulation of ACE2 
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contributes to an increase in the vasoconstrictor angiotensin II 

and a decrease in the vasodilator angiotensin-(1–7). Angioten-

sin II negatively regulates renin release. Hypertension in ADP-

KD or obesity is associated with high plasma renin activity [8,9], 

whereas both our patients had low normal plasma renin activi-

ty levels. Meanwhile, the rapid elevation of blood pressure after 

vaccination is not explained by this hypothesis. Some cases of 

hypertensive crisis following mRNA vaccines occurred within 

minutes of the vaccination [2], which is too short for cellular 

uptake and translation of mRNA to a spike protein [10].  

There are some limitations to our hypothesis. We did not 

measure the blood pressure before vaccination and did not 

measure the plasma levels of angiotensin II. If the level of an-

giotensin II is measured in patients with elevated blood pres-

sure after vaccination, our hypothesis can be verified. 

We describe two adolescent cases that had a risk factor for 

high blood pressure, obesity and ADPKD, and then suffered 

from a hypertension crisis after NT162b2 (Pfizer-BioNTech) 

mRNA COVID-19 vaccination (Table 1). Monitoring blood pres-

sure in adolescents at high risk of hypertension after mRNA 

COVID-19 vaccination is warranted. 
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Introduction 

Idiopathic nephrotic syndrome (NS), clinically characterized by 

massive proteinuria, hypoalbuminemia, hyperlipidemia, and 

generalized edema, is a hypercoagulable state in which children 

are at risk of venous thromboembolism [1]. Although the differ-

ence in incidence between children and adults is still to be elu-

cidated, the risk of thromboembolic phenomenon is estimated 
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Acute dural venous sinus thrombosis in a child with 
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report
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Nephrotic syndrome (NS) is a hypercoagulable state in which children are at risk of venous thromboembolism. A higher risk has 
been reported in children with steroid-resistant NS than in those with steroid-sensitive NS. The mortality rate of cerebral venous 
sinus thrombosis (CVST) is approximately 10% and generally results from cerebral herniation in the acute phase and an underly-
ing disorder in the chronic phase. Our patient initially manifested as a child with massive proteinuria and generalized edema. He 
was treated with albumin replacement and diuretics, angiotensin-converting enzyme inhibitor, and deflazacort. Non-contrast 
computed tomography showed areas of hyperattenuation in the superior sagittal sinus when he complained of severe headache 
and vomiting. Subsequent magnetic resonance imaging revealed empty delta signs in the superior sagittal, lateral transverse, 
and sigmoid sinuses, suggesting acute CVST. Immediate anticoagulation therapy was started with unfractionated heparin, an-
tithrombin III replacement, and continuous antiproteinuric treatment. The current report describes a life-threatening CVST 
in a child with steroid-dependent NS, initially diagnosed by contrast non-enhanced computed tomography and subsequently 
confirmed by contrast-enhanced magnetic resonance imaging, followed by magnetic resonance venography for recanalization, 
addressing successful treatment. 
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to be 1.8%–5% in children with NS [2], whereas its incidence 

in adult patients is approximately 25% [1]. Patients with severe 

proteinuria have a 3.4-fold higher risk of thromboembolism [3]. 

Notably, a higher risk has also been reported in children with 

steroid-resistant NS than in those with steroid-sensitive NS [4]. 

In the 19th century, renal vein thrombosis was recognized for 

the first time to be associated with NS [1]. This observation was 

polished with the association between NS and venous throm-
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bosis, as reported by Derow et al. in 1939 [5]. Since that time, it 

has been realized that thromboembolism may arise in patients 

with NS and form in either arteries or veins, including pulmo-

nary embolism, renal vein thrombosis, and cerebral venous 

sinus thrombosis (CVST). 

However, the majority of thrombotic events result from a ve-

nous origin. The occurrence of inferior vena cava thrombosis, 

renal vein thrombosis, or pulmonary embolism, is frequent, 

while CVST is less common [6]. Although CVST is very rare in 

children, it has been reported most commonly in the cerebral 

sagittal sinus [7]. The mortality rate of CVST is approximately 

10% and generally results from cerebral herniation in the acute 

phase and an underlying disorder in the chronic phase [8]. 

Moreover, 6% to 10% of patients who survive have severe re-

sidual neurological sequelae despite therapeutic intervention 

[9]. As CVST is one of the major life-threatening complications 

in NS, understanding CVST, immediate anticoagulation, and 

treatment is critical in children with NS with thrombogenic 

predisposition. Here, we present a pediatric patient with ste-

roid-dependent NS (SDNS) and acute CVST with a favorable 

outcome. 

Case report 

A 3-year and 6-month-old boy visited the emergency depart-

ment because of generalized edema and abdominal pain. 

He had swelling on both eyelids and poor oral intake and was 

lethargic for 3 days, followed by the appearance and worsen-

ing of whole body edema and abdominal pain before he was 

admitted. He had a family history of paternal diabetes mellitus 

and hypothyroidism. He also had a past medical history of NS 

treated at another hospital before he came to our hospital. He 

was suspected of having subclinical hypothyroidism and was 

followed up without medication. On physical examination, 

pretibial pitting edema on both legs and abdominal distention 

were observed. 

Laboratory investigation revealed massive proteinuria (spot 

urinary protein-to-creatinine ratio [UPCR] of 26 g/g, normal 

<0.2 g/g), low serum albumin level (1.6 g/dL), and hypercholes-

terolemia (369 mg/dL). His renal function was within normal 

limits. The thyroid function test revealed an elevated serum 

thyroid-stimulating hormone level (32.3 μIU/mL) and normal 

T3 (1.01 ng/mL) and free T4 (1.08 ng/dL) levels. Twenty-four-hour 

urine protein and creatinine excretion were measured as 3,683 

mg and 180 mg, respectively, with a total urinary volume of 540 

mL/day. The UPCR gradually increased to 30.7 g/g in spot urine. 

Levels of complement components C3 and C4 were all within 

the normal ranges (98 mg/dL and 23.2 mg/dL, respectively). The 

antistreptolysin O titer was 85 IU/mL (reference range, 0-200 

IU/mL). The serologic tests for antinuclear antibodies, antineu-

trophil cytoplasmic antibodies, and anti-double-stranded DNA 

were all negative. He was then treated with deflazacort (2 mg/

kg/day), albumin replacement and diuretics, and an angioten-

sin-converting enzyme inhibitor. The UPCR decreased to 7.7 g/g 

during the 2-week treatment period before he was discharged 

with oral medication, which was still a high amount of protein 

in the urine. 

After 5 days of discharge, the boy presented to our emergen-

cy room with a 3-day history of aggravating headaches and a 

four-time history of vomiting after eating. On the day of pre-

sentation, he was not able to stand and even speak but had no 

fever or history of seizures. His vital signs were as follows: high 

blood pressure, 98/64 mmHg; pulse rate, 135 beats/min (tachy-

cardia); and a slightly decreased respiratory rate of 20 breaths/

min. Physical examination showed an acute ill-looking appear-

ance, drowsy mental status, and pretibial pitting edema on both 

of his lower legs, gaining body weight from 15.6 to 17.0 kg. 

The initial coagulation function test revealed an elevated se-

rum fibrinogen level of 468 mg/dL (reference value, 200–400 

mg/dL), increased D-dimer level of 1.1 μg/mL (fibrinogen equiv-

alent units, 0–0.5 μg/mL), and decreased antithrombin III (AT-

III) level of 55% (80%–120%). The levels of fibrinogen, D-dimer, 

and AT-III were changed to 680 mg/dL, 10.1 μg/mL, and 41%, 

respectively, on day 7 (Table 1). The activated partial throm-

boplastin time (aPTT), prothrombin time, and international 

normalized ratio (INR) were all within normal limits. The UPCR 

increased to 23.0 g/g again, showing heavy proteinuria with a 

significantly low albumin level of 1.8 g/dL. 

On admission, non-contrast computed tomography (CT) of 

the brain revealed a hyperintense prominence and segmentally 

increased attenuation of the superior sagittal, right transverse, 

and sigmoid sinuses with slightly engorged cortical veins, sug-

gesting acute dural venous sinus thrombosis (Fig. 1). A coronal 

non-enhanced CT image of the patient showed an area of cen-

tral hyperattenuation in the superior sagittal sinus (Fig. 1). Mag-

netic resonance imaging (MRI) also demonstrated empty delta 

signs, contrast outlining a filling defect due to a thrombus (Fig. 

2). No cerebral infarction or hemorrhage was observed. 

The patient was started on 100 U/kg of unfractionated hepa-

rin (UFH) intravenously at loading and subsequent doses of 25 
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Table 1. Serial laboratory test results of the patient with nephrotic syndrome and cerebral venous sinus thrombosis on and after admission

Variable
Hospital day

On discharge Reference
1 7 9 17 24

Platelet (103/μL) 396 349 299 349 382 534 130–450
Total protein (g/dL) 4.1 4.3 4.0 4.1 4.0 6.7 6.4–8.3
Albumin (g/dL) 1.8 2.0 1.7 2.5 2.0 4.4 3.4–4.8
Blood urea nitrogen (mg/dL) 10 13 15 7 10 8 6–20
Creatinine (mg/dL) 0.13 0.10 0.12 0.14 0.12 0.17 0.10–0.40
Total cholesterol (mg/dL) 540 NA NA 523 NA 449 1–240
Cystatin C-based eGFR 110 NA NA 116 NA 106 NA
aPTT (sec) 33.3 45.0 43.5 76.0 54.8 45.0 28.0–45.0
PT (sec) 11.8 12.1 12.1 24.0 33.8 20.6 11.6–15.5
INR 0.89 0.93 0.92 2.10 3.30 1.98 0.87–1.24
Fibrinogen (mg/dL) 468 680 579 463 478 349 200–400
FDP (μg/mL) 4.5 36.3 3.5 6.5 3.2 3.0 0.01–5.0
D-dimer (μg/mL, FEU) 1.10 10.13 8.38 2.34 0.85 0.32 0–0.50
AT-III (%) 55 41 54 107 70 85 80–120
Urinalysis protein 4+ 4+ 4+ 4+ 4+ ± -
UPCR (g/g) 22.9 50.6 41.8 32.4 21.5 0.14 <0.20

eGFR, estimated glomerular filtration rate; aPTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized 
ratio; FDP, fibrin/fibrinogen degradation products; FEU, fibrinogen equivalent units; AT-III, antithrombin III; UPCR, urinary protein-to-creatinine 
ratio; NA, not applicable.

Fig. 1. Brain computed tomography (CT) scan findings. (A) The sagittal non-enhanced CT image shows areas of segmentally increased attenuation 
(red circle), consistent with acute thrombi in the superior sagittal sinus. (B) The axial image on pre-contrast CT shows areas of abnormal 
hyperattenuation (red arrow), consistent with acute thrombi in the right transverse sinus. (C) The coronal non-enhanced CT image of the patient 
shows a central hyperattenuation (red circle) in the superior sagittal sinus, surrounded by slightly engorged cortical veins. (D) The coronal non-
enhanced CT image reveals an area of significantly hyperintense signal (red arrowhead) indicative of acute thrombosis in the superior sagittal 
sinus.
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U/kg/hr with a target goal of an aPTT of 60 to 80 seconds. UFH 

was switched to enoxaparin, low-molecular-weight heparin. A 

vitamin K antagonist (warfarin) was also added to the patient 

at a dose of 0.1 to 0.2 mg/kg per oral a day for anticoagulation, 

planning to be used a minimum duration of 3 months up to 6 

months. Three weeks later, radiological assessment for recanal-

ization was performed with magnetic resonance venography 

(MRV), resulting in substantial obliteration and slight residual 

dural sinus thrombosis in the superior sagittal sinus (Fig. 3). 

Discussion 

The current report describes CVST in a child with SDNS, initial-

ly diagnosed by contrast non-enhanced CT and consecutively 

confirmed by contrast-enhanced MRI, followed by MRV for 

improvement. Although we have theoretically acknowledged 

the occurrence of thrombosis in patients with NS, to the best of 

our knowledge, this is the rare case of CVST reported in a pedi-

atric patient aged <5 years with NS in Korea. This specific case 

Fig. 2. Brain magnetic resonance imaging findings. (A) Contrast-enhanced magnetic resonance imaging reveals areas of filling defects in the 
superior sagittal sinus due to acute thrombosis. (B) The empty delta signs are positive in the superior sagittal (red arrow), lateral transverse (yellow 
arrow), and sigmoid sinuses (blue arrow), suggesting acute dural sinus thrombosis. No cerebral infarct is found.

Fig. 3. Brain magnetic resonance venography manifestations. (A) Three weeks later, contrast-enhanced magnetic resonance venography 
demonstrates recanalization (red arrowheads) in the superior sagittal sinus that was obstructed due to acute thrombus. (B) The right transverse 
sinus still shows a lack of flow (red circle), possibly resulting from congenital hypoplasia of cerebral vasculatures or partially remaining 
thrombosis.
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of CVST contributes to the spectrum of serious complications in 

younger children with SDNS. Additionally, it can influence the 

early detection and prompt management of children with CVST. 

According to a review of the literature, hypercoagulability 

induced by severe proteinuria, hypoalbuminemia, and hypo-

volemia, using diuretics, increased synthesis of fibrinogen and 

other clotting factors (factor V, factor VIII, von Willebrand fac-

tor, α2-plasmin inhibitor, and plasminogen activator inhibitor) 

[1], decreased endogenous antithrombotic factors (protein C, 

protein S, AT-III, and tissue factor pathway inhibitor), acceler-

ated generation of thromboplastin, thrombocytosis, platelet 

aggregation, and activation of the coagulation system, work 

together to produce thrombogenic conditions in NS [10,11]. Bac-

terial peritonitis and sepsis can also induce systemic thrombo-

sis triggered by microbial endotoxins or exotoxins and subse-

quently release inflammatory cytokines from monocytes in NS 

[11]. Inflammatory responses accompanying immune injury in 

the intraglomerular microenvironment may produce procoag-

ulants and strengthen the expression of molecules that reduce 

fibrinolysis [10]. Moreover, hemostatic abnormalities mediat-

ed by the responses of tissue factor to tumor necrosis factor, 

interleukin-1, and interleukin-6 at the cell surface can cause 

hypercoagulability [12]. In contrast, low plasma levels of thyroid 

hormone lead to a hypocoagulable and hyperfibrinolytic state, 

whereas high levels of thyroid hormone increase the risk of ve-

nous thromboembolism. 

In the present case, the patient did not show any infective fea-

tures or laboratory results. However, it was thought that urinary 

loss of the endogenous anticoagulant AT-III and the thrombo-

philic state as a result of altered permselectivity of the glomeru-

lar basement membrane contributed to the acute dural venous 

sinus thrombosis that was made with respect to SDNS [10]. 

Hyperfibrinogenemia is a reflection of increased acute-phase 

reactants to hypoalbuminemia in patients [11]. The increase in 

the fibrinogen level is believed to promote platelet and erythro-

cyte aggregation and blood viscosity for fibrin formation. 

Like in the patient, dural venous sinus thrombosis in NS 

presents with symptoms including headache, vomiting, pap-

illedema, unilateral motor weakness, speech disturbance, sei-

zures, and mental status change. Non-enhanced CT scans are 

frequently normal and require contrast CT or MRI. A triangular 

area of enhancement with a relatively low-attenuating center is 

the thrombosed sinus on contrast-enhanced CT or MRI, show-

ing an empty delta sign, which is a filling defect in the dural ve-

nous sinus [13]. MRV is regarded as the gold standard imaging 

technique for CVST, with persistent hyperintense thrombus 

signal on T1WI and T2WI until the 15th day [13]. In our patient, 

MRV was performed to confirm recanalization and improve-

ment without hemorrhage on the 3rd week.  

Regarding thrombosis treatment, what is the first choice, 

when acute CVST complications occur, and how we evaluate the 

efficacy of anticoagulation therapy are not clearly established 

in patients with NS because of the lack of large randomized 

trials and guidelines. Conventional anticoagulation remains 

the standard therapy in the presence of thrombosis. Currently, 

anticoagulants fall into two categories: (1) parenteral antico-

agulants such as heparin and low-molecular-weight heparin, 

which bind to and potentiate the effects of AT-III, and (2) oral 

anticoagulants such as vitamin K antagonists and direct-acting 

oral anticoagulants (factor Xa and IIa inhibitors) [14]. 

Anticoagulant therapy with heparin and thrombolytic ther-

apy with urokinase is an important and invaluable therapy for 

CVST. Although the use of UFH may be associated with intrace-

rebral hemorrhage, UFH has the benefit that the effect can be 

rapidly adjusted when severe complications occur or surgical 

intervention is required [15]. In the case reported here, we ini-

tially administered UFH with a target goal of an aPTT of 60 to 80 

seconds and switched to enoxaparin because of its practical ad-

vantages, which do not require routine monitoring and dosage 

adjustment based on coagulation times, together with warfarin 

with an INR of between 2 and 3 [14]. 

The normalization of albumin levels is essential as it lowers 

hypercoagulability and the levels of other clotting factors, re-

storing the balance of prothrombotic and antithrombotic fac-

tors. Decreased albumin levels in patients with NS can lead to a 

poor response to anticoagulation treatment. Therefore, prompt 

treatment of NS plays a crucial role in the prevention and 

treatment of thrombosis. Intriguingly, AT-III transfusion with a 

molecular weight similar to that of albumin was effective in the 

present case. Recovery and maintenance of anticoagulation 

with normal AT-III activity induced the alleviation of throm-

bosis before the serum albumin levels were increased in our 

patient. This indicates that AT-III may be a sensitive biomarker 

to prevent further thrombus formation in patients with NS and 

predict therapeutic effectiveness, in addition to anticoagulation 

therapy with heparin, improvement of urinary protein loss, and 

correction of intravascular volume depletion. 

In conclusion, patients with NS may develop CVST that can 

lead to life-threatening outcomes, particularly in the presence 

of a prothrombotic state, depending on the disease severity. 
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Imaging studies such as non-contrast CT or MRI are useful 

for early detection and diagnosis, although MRV is the gold 

standard tool for diagnosing CVST. Anticoagulation therapy 

plays a key role in treating and preventing acute and recurrent 

thrombosis. The present case showed a good response to anti-

coagulation therapy, together with AT-III. However, appropriate 

type, dosing, and monitoring of anticoagulation require further 

clinical trials to improve our understanding and knowledge of 

the optimal prevention and management strategies in younger 

children with NS. 
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Introduction 

Nephrogenic diabetes insipidus (NDI), a decrease in the ability 

to concentrate urine, results from refractory to the action of 

antidiuretic hormone (ADH) [1]. Most patients with NDI harbor 

the X-linked recessive mode of inheritance (XL-NDI) resulting 

from loss-of-function mutations in the AVPR2 gene, encoding 

arginine vasopressin V2 receptor. Therefore, most of severe 

effects are observed in male XL-NDI patients with a hemizy-

gous AVPR2 mutation, while cases involving less symptomatic 

female carriers, resulting from skewed X inactivation, have also 
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Nephrogenic diabetes insipidus, decreased ability to concentrate urine, with production of large amounts of urine, is caused by 
the refractory response of renal tubules to the action of antidiuretic hormone. This rare disorder, known as X-linked nephrogenic 
diabetes insipidus, is caused by a mutation in the AVPR2 gene. Because it is hereditary, most patients are male. This report high-
lights a case of nephrogenic diabetes insipidus in a 3-year 5-month-old female; upon presentation to the hospital, her symptoms 
included frequent urination and consumption of a significant amount of water, which had begun 2 years ago. The results of blood 
tests showed increased levels of serum antidiuretic hormone, and sellar magnetic resonance imaging showed no abnormality. 
The results of the water restriction test and the desmopressin administration test confirmed the diagnosis of nephrogenic di-
abetes insipidus showing a partial response to desmopressin. The results of genetic testing indicated the presence of an AVPR2 
mutation, a heterozygous missense mutation (p.Val88Met), suggesting inheritance of X-linked nephrogenic diabetes insipidus. 
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been reported [2]. We report on a case of a 3-year 5-month-old 

female patient with a heterozygous AVPR2 mutation. The pa-

tient was diagnosed with polyuria, and showed a partial urinary 

concentrating response to treatment with desmopressin (1-de-

samino-8-D-arginine vasopressin). 

Case report 

A 3-year 5-month-old female presented with symptoms that 

included prolonged fever and polydipsia. The patient’s height 

was 97 cm (25th–50th percentile), weight; 18.1 kg (95th–97th 
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percentile), water intake; 1.5–1.8 L/day, urination frequency; 

7 times/day, voiding amounts; 1,000 mL/day (55 mL/kg/day). 

The patient's history included recurrent fevers that began at 7 

months of age, however, an evaluation conducted in the hospi-

tal found no source of infection. Thus, she was transferred from 

hospital to hospital. She presented to our hospital at the age of 

1 year and 6 months for evaluation of her persistent fever; her 

mother said that she had been consuming a significant amount 

of water. Testing of the urinary system was performed. A kid-

ney and bladder ultrasound and renal dimercaptosuccinic acid 

scan showed no abnormal findings, however, results from re-

peated testing showed elevated levels of serum ADH, as shown 

in Fig. 1. Blood glucose and electrolytes including serum sodium 

were in the normal range. The symptoms of polydipsia were not 

severe, therefore, the patient’s ADH level was assessed every 6 

months. The results of testing showed consistently high levels of 

ADH, and genetic testing indicated that she carried a heterozy-

gous Val88Met mutation in the AVPR2 gene; and an additional 

arginine vasopressin (AVP) gene test did not detect the presence 

of a pathogenic mutation on the AVP gene (Fig. 2). No abnormal 

Fig. 2. Result of DNA sequencing of the AVPR2 gene (REFSEQ: 
NM_000054.6) reveals a heterozygous mutation in exon 2 [p.Val 
(GTG)88Met(ATG)].

finding was detected on sellar X-ray and magnetic resonance 

imaging performed in the hospital. As shown in Table 1, the re-

sults of the water restriction test showed an increase in urine 

osmolality from 115 to 261 mOsm/kg at 6 hours post-restriction; 

the urine osmolality had doubled to 579 mOsm/kg at 2 hours 

after administration of desmopressin (Minirin tab 0.2 mg, per 

oral). The results of the water restriction test showed that urine 

osmolality was higher than plasma osmolarity in response to 

desmopressin, however, based on an increase to less than 800 

mOsm/kg and the result of genetic testing, the patient was di-

agnosed with partial NDI. Genetic analysis was not performed 

on the parents because there was no symptoms of NDI and no 

plan for another child. 

At discharge the patient received desmopressin 0.1 mg (twice 

Table 1. Result of water restriction test

Variable
Measurement time

09:55 10:19 11:13 12:07 13:23 14:08 15:22 16:12 16:28 17:25
Urine Na+ (mmol/L) <20 <20 21 46 73 87 62
Serum Na+ (mmol/L) 142 143 142 143 143 144 141 143 142
Urine osmolality (mOsm/kg) 115 166 176 249 207 261 266 475 528 579
Serum osmolality (mOsm/kg) 296 295 297 294 297 295 297 298 296 296
Urine specific gravity 1.004 1.006 1.006 1.008 1.007 1.008 1.009 1.015 1.017 1.019

The patient took desmopressin 0.2 mg (per oral) at 15:00 o’clock.
Na, sodium.

Fig. 1. Serial test results of serum antidiuretic hormone (ADH) levels 
with the decreasing tendency (ADH reference range : 0–14.0 pg/mL).
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a day) as oral medication to be taken during the daytime and 

underwent follow-up in the outpatient department. Immedi-

ately after discharge from the hospital she was transferred to a 

hospital in her hometown. The effect of desmopressin was not 

satisfactory, therefore, hydrochlorothiazide was added 2 weeks 

after discharge. 

The patient is currently 4 years and 6 months old; her height 

is 108.1 cm (75th–90th percentile) and her weight is 20.7 kg 

(90th–97th percentile); no abnormal developmental problems 

have been detected. Her intake is approximately 1.5 L with uri-

nation 5 to 6 times per day. Although her daily life has not been 

disrupted, including her attendance in kindergarten, she often 

urinates in diapers while sleeping without having taken des-

mopressin. 

Discussion 

Most cases of congenital NDI, a rare, inherited disorder, are 

caused by an X-linked recessive AVPR2 genetic mutation. The 

AQP2 mutation is detected in approximately 10% of patients 

with NDI who show an autosomal recessive or dominant pat-

tern [3]. The most severe effects are observed in male XL-NDI 

patients with a hemizygous pathogenic variant in the AVPR2 

gene [2]. 

Many cases of XL-NDI in male patients have been report-

ed, however, symptomatic female carriers with XL-NDI have 

received far less attention. The patient described here was a 

symptomatic carrier of XL-NDI who showed a partial response 

to treatment with desmopressin, suggesting underlying 

“skewed X-inactivation.” Rapid elevation of the patient’s urine 

osmolality was observed after administration of desmopres-

sin (0.2 mg, per oral). Genetic testing of AVP for a possible ab-

normality in AVP itself showed a normal result. Methylation 

analysis, to confirm the inactivation of the X-chromosome, was 

skipped as the previous reports show that skewed X-inactiva-

tion is always detected in female AVPR2 heterozygotes with XL-

NDI [2,4,5]. 

Some patients with NDI caused by the same gene mutation 

have been reported to show a partial response to treatment 

with desmopressin. However, variation in the phenotype of 

symptoms as well as the patient’s response to desmopressin 

has been reported [2,3,6,7]. A relationship between this diver-

sity and the degree of X-inactivation has been suggested. The 

recurrence of fever from infancy was atypical, distinguishing 

this case from other case reports. 

Since the beginning of 2022, the patient's mother has argued 

that desmopressin has no demonstrable therapeutic effect on 

her daughter’s daily activities, thereby refusing to allow her to 

take it. She is currently taking hydrochlorothiazide 25 mg/day 

in two divided doses. According to her mother, although she is 

taking the medication, its effect on her symptoms appears to be 

insignificant. Her mother also said that even though she some-

times forgets to administer the medication, she has not noticed 

any worsening of her daughter’s symptoms. Discontinuation of 

hydrochlorothiazide is also under consideration. 

The patient described in this case had symptoms that includ-

ed polyuria, polydipsia, and frequent low-grade fevers. Despite 

its rarity, complications of congenital NDI can include seizure 

and retardation of growth and development; therefore, early 

diagnosis and treatment are critical [7,8]. Pediatricians should 

suspect NDI in infants who have been diagnosed with polydip-

sia with frequent episodes of fever. 

A typical plan for treatment of patients with NDI includes a 

low-salt diet to reduce the osmotic load and administration of 

a thiazide diuretic to enhance reabsorption of salt and water in 

the proximal tubule. A case involving a patient with the same 

genetic mutation has been reported, and satisfactory results 

have been obtained by treatment with thiazide [5]. Pharmaco-

logical chaperone therapy studies based on the idea that the ex-

pression level and hormone binding affinity of V88M mutation 

were related to their phenotypic diversity were a failure [6]. 

Early diagnosis is critical in order to minimize complica-

tions. After ensuring an accurate diagnosis, treatment can be 

administered according to the individual needs of the patient. 

The current case illustrates the importance of a thorough clin-

ical evaluation along with genotyping for patients who exhibit 

symptoms prior to making a conclusive diagnosis [7,9]. 

Few cases involving female patients with partial NDI have 

been reported. Symptomatic female patients whose diagnoses 

were based on genetic testing have been reported, however, 

there are limited data regarding treatment and prognosis [6]. 

Conduct of studies involving collection of a large number of 

cases, which include new treatment trials, and collection of 

data regarding patients’ response to existing treatments should 

be ongoing. 
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Introduction 

Kleefstra syndrome (KS) is a rare genetic disease characterized 

by distinctive facial features, intellectual disability, congenital 

heart defects, epilepsy, recurrent infections, and renal abnor-

malities. Vesicoureteral reflux (VUR) and renal cysts are the 

primary renal complications, which may be accompanied by 

chronic renal insufficiency and severe constipation in addition 

to hydronephrosis [1,2]. Herein, we present a case of KS in a pa-

tient born with ambiguous genitalia and an imperforated anus 

after being diagnosed with VUR and rectourethral fistula. This 

case report highlights the importance of a multidisciplinary ap-

Child Kidney Dis 2022;26(2):111-115
pISSN 2384-0242 · eISSN 2384-0250 

https://doi.org/10.3339/ckd.22.039

Kleefstra syndrome combined with vesicoureteral reflux 
and rectourethral fistulae: a case report and literature 
review

Chae Won Lee1 , Min Ji Park1 , Eun Joo Lee1 , Sangyoon Lee1 , Jinyoung Park2 , Jun Nyung Lee3 ,  
So Mi Lee4 , Shin Young Jeong5 , Min Hyun Cho1 

1Department of Pediatrics, School of Medicine, Kyungpook National University, Daegu, Republic of Korea
2Department of Pediatric Surgery, School of Medicine, Kyungpook National University, Daegu, Republic of Korea
3Department of Urology, School of Medicine, Kyungpook National University, Daegu, Republic of Korea
4Department of Radiology, School of Medicine, Kyungpook National University, Daegu, Republic of Korea
5Department of Nuclear Medicine, School of Medicine, Kyungpook National University, Daegu, Republic of Korea

Kleefstra syndrome is a rare genetic disease characterized by mental retardation, hypotonia, and a characteristic facial appear-
ance. Furthermore, in some cases, Kleefstra syndrome is associated with various anorectal and genitourinary complications, 
including imperforated anus, vesicoureteral reflux, hydronephrosis, and chronic kidney disease. Herein, we present a case of 
Kleefstra syndrome with recurrent urinary tract infections associated with vesicoureteral reflux and rectourethral fistula, which 
was treated by a multidisciplinary approach. 

Keywords: Case reports; Kleefstra syndrome; Urinary tract infections; Vesico-ureteral reflux

Case Report

Received: October 26, 2022; Revised December 12, 2022; Accepted December 15, 2022

Correspondence to
Min Hyun Cho 
Department of Pediatrics, Kyungpook National University Hospital, School of 
Medicine, Kyungpook National University, 130 Dongdeok-ro, Jung-gu, Daegu 41944, 
Republic of Korea 
E-mail: chomh@knu.ac.kr

© 2022 Korean Society of Pediatric Nephrology

This is an Open Access article distributed under the terms of the Creative Commons 
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which 
permits unrestricted non commercial use, distribution, and reproduction in any medium, 
provided the original work is properly cited.

proach to manage the frequent structural and functional prob-

lems in patients with anorectal or genitourinary anomalies and 

associated recurrent urinary tract infections (UTI). 

Case report 

A 1-day-old boy with ambiguous genitalia (Fig. 1) and an im-

perforated anus was transferred to the neonatal intensive care 

unit (NICU) of our hospital. He was born at 38 weeks and 5 days 

of gestation by normal spontaneous vaginal delivery, before 

which he showed no special findings on prenatal examinations. 

At birth, his weight was 2,870 g (14 percentile), height 50 cm (51 
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percentile), and head circumference 31 cm (1 percentile) com-

patible with microcephaly. He had no specific family history; 

however, physical examination showed facial hypertelorism, 

arched eyebrows, midface hypoplasia, short nose with up-

turned nares, protruding tongue with everted lower lip, and 

downturned corners of the mouth. On the 3rd day of hospital-

ization, colostomy was performed by a pediatric surgeon. Ge-

netic studies were further performed for multiple anomalies, 

including dysmorphic face, micropenis, and imperforated anus. 

The karyotype (46, XY) was nonspecific; however, the microar-

ray test showed a microdeletion in 9q34.3, which is compatible 

with KS (Fig. 2). The patient experienced urosepsis on the 12th 

day of life. At that time, Enterococcus faecium was identified 

in his urine and blood cultures, and he was treated with anti-

biotics. Renal ultrasonography for UTI examination showed 

severe hydronephrosis (grade 4, based on the grading system 

of the society for fetal urology) in the left kidney, while 99mTc-di-

mercaptosuccinic acid renal scan revealed diffuse decreased 

uptake and atrophic changes in the left kidney. Approximately 

3 weeks after the first episode of UTI, a second episode oc-

curred, and antibiotic prophylaxis was initiated. On loopogram 

examination performed on the 53rd day after birth, high or 

intermediate-type imperforated anus with rectourethral fistula 

was confirmed (Fig. 3A). Despite antibiotic prophylaxis, the third 

episode of UTI occurred 40 days after the second episode. Void-

ing cystourethrography revealed bilateral VUR with grade 2 on 

right, grade 5 on left, and rectourethral fistula (Fig. 3B). The pa-

tient was discharged from the NICU while continuing antibiotic 

prophylaxis at 3 months of age. However, he was subsequently 

readmitted to our hospital because of a fourth episode of UTI 

on the 102nd day after birth. 

At approximately 6 months of age, he was admitted to the 

department of pediatric surgery, and anorectoplasty com-

bined with repair of rectourethral fistula was performed. Three 

months later, the patient underwent colostomy repair to com-

plete the correction of the imperforate anus. Despite the com-

pletion of surgical treatment for anorectal anomalies, episodes 

of UTI recurred several times. To discontinue these recurrent 

episodes of UTI, we referred to the urology department for 

surgery for VUR. The pediatric urologist replied that the patient 

was likely to develop several critical complications of open sur-

Fig. 1. The patient showed ambiguous genitalia at birth.

Fig. 2. Microarray test revealing a microdeletion in 9q34.3 which 
involves part of the euchromatic histone lysine methyltransferase 1 
(EHMT1) gene known to be associated with Kleefstra syndrome.

Chromosome 9

Microdeletion in 9q34.3
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gery for VUR due to the previous operation. So endoscopic Dex-

ol injection was performed on the left VUR at around 11 months 

of age, in accordance with the opinion of the pediatric urologist. 

However, despite the endoscopic Dexol injection, his UTI re-

curred, and high-grade VUR in the left kidney was maintained. 

On consultation with a pediatric urologist, we thought that 

increased bladder pressure associated with constipation and 

the initiation of defecation through the anus was presumed 

to be another possible cause of UTI. Therefore, we conducted 

a urodynamic study and confirmed hyperactive detrusor and 

external sphincter findings. We decided to administer anticho-

linergic drugs and begin clean intermittent catheterization (CIC) 

three to four times a day. Thus far, he is continuing CIC and 

there has been no recurrence of UTI during regular follow-ups 

with this management in spite of the existence of high-grade 

VUR. 

Discussion 

KS is a rare genetic disease with an autosomal dominant 

inheritance [1]. The major phenotypic characteristics result 

from defects in the euchromatic histone lysine methyltrans-

ferase 1 (EHMT1) gene, which is caused by a point mutation or 

microdeletion in chromosome region 9q34.3 [1]. Most cases 

have been reported to be de novo; however, cases of familial 

pathogenesis have also been reported. Although the prevalence 

of KS is unknown, genome-wide studies have indicated that 

it accounts for approximately 0.2% of neurodevelopmental 

disorders. Patients with KS have characteristic facial features, 

including a flattened area at the back of the skull, small head, 

underdevelopment of the midface, fusion of the eyebrows 

above the bridge of the nose, cupid bowed upper lip, fully evert-

ed lower lip, protruding tongue, and lower jaw. These patients 

are also characterized by moderate-to-severe intellectual dis-

abilities with delayed speech development. Other features ob-

served in KS include congenital heart defects, epilepsy, recur-

rent infections, and hearing problems. Male patients may also 

have genital problems, such as hypospadias, cryptorchidism, 

micropenis, and kidney defects with VUR, hydronephrosis, kid-

ney cysts, and chronic kidney disease [2]. KS is diagnosed based 

on distinctive clinical features and molecular genetic testing, 

such as chromosomal microarray, intellectual disability gene 

panels, whole exome, whole genome sequencing, or targeted 

genetic testing. Management of KS involving special education, 

and speech, physical, occupational, and sensory integration 

therapies is recommended from an early age. Because cardiac, 

renal, and intestinal complications may develop, regular check-

ups are recommended and the patients should be followed up 

for life. Although the prognosis of KS is generally favorable with 

low fatality, it varies depending on the presence or severity of 

Fig. 3. Radiological examination findings. (A) Loopogram showing high or intermediate-type imperforated anus with rectourethral fistula. (B) 
Voiding cystourethrography showing bilateral vesicoureteral reflux combined with simultaneous visualization of the rectum.
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comorbidities. 

Most cases of KS thus far reported in the Republic of Korea 

have been diagnosed as neurological developmental disorders 

[3-5]. According to a study evaluating the benefits and yield of 

array comparative genomic hybridization, two out of 87 pedi-

atric patients with neurologic disease who had developmental 

delay, dysmorphic face with features such as hypertelorism, a 

short nose, and down turned corners of the mouth (a pheno-

type consistent with KS) had a deletion of the EHMT1 gene [3]. 

In addition, in a previous report, among 40 patients with micro-

cephaly, one patient with primary microcephaly, epilepsy, and 

congenital heart disease showed a deletion at 9q34.3 [4]. In a 

study assessing the diagnostic utility of chromosomal microar-

ray testing, one out of 649 patients with developmental or intel-

lectual delay had a 320-kb 9q34.3 sub-telomeric deletion, and 

was diagnosed with KS [5]. Therefore, this is the first reported 

Korean case of genitourinary and anorectal anomalies in KS. 

According to a retrospective review of anorectal malfor-

mations, comorbidity of genitourinary anomalies was high in 

children with anorectal malformations, among whom VUR was 

reported to be high [6]. van der Steeg et al. [7] also reported that 

congenital anomalies of other organs were present in 89% of 

patients with anorectal malformation of the rectovesical fistula 

type, among whom renal anomaly was the second most com-

mon anomaly after sacral anomaly. In this retrospective Dutch 

cohort study, various anorectal complications, including bowel 

problems, UTI, and urinary retention, were reported to devel-

op after reconstructive surgery, and most patients required 

bowel management [7]. Finally, regarding urological and renal 

outcomes during 5-year follow-up, recurrent UTI occurred in 

38% of patients, and it was confirmed that approximately 25% 

of patients required CIC, as in our patient [7]. Likewise, in pa-

tients with anorectal anomalies, accompanying genitourinary 

malformations, including VUR, appear with a high probability, 

resulting in complications and poor outcomes. Therefore, early 

evaluation and treatment of accompanying malformations of 

the genitourinary system are necessary in patients with ano-

rectal malformations. Also, any physician treating a patient 

with anorectal malformation should consider screening for 

genitourinary abnormality. 

This is the first reported case of KS in Republic of Korea in 

which anorectal and genitourinary malformations were re-

solved by step-by-step surgery, emphasizing the need for early 

detection and diagnosis of KS and evaluation of their comor-

bidities. 
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Dear Editor, 

Urinary tract infection is one of the most common bacterial 

infections among infants and young children [1,2]. Nearly two-

thirds of children with febrile urinary tract infection have acute 

pyelonephritis (APN) [3]. The incidence of renal scarring after 

APN ranges from 26.5% to 57.0% [2]. Therefore, in the manage-

ment of pediatric APN, prompt and effective antibiotic treat-

ment is very important to prevent long-term complications 

such as renal scar, hypertension, and renal failure [4]. Some 

children with APN need adjuvant steroids along with appro-

priate antibiotics (Table 1) [1-4]. This is because renal scarring 

is thought to be caused by an excessive immune response to 

the uropathogen (i.e., infectious inflammation) rather than the 

direct invasion of the uropathogen into the renal parenchyma 

[1,5]. In other words, immune defense during APN can be a 

double-edged sword [6]. The same immune cells and mole-

cules involved in this protective process may also be involved in 

deleterious inflammation, including kidney damage [5,6]. Here, 

we wish to make some comments on infectious inflammation 

in children with APN by presenting our own experience. 

A 5-year-old boy was hospitalized with fever and abdominal 

pain. He was previously healthy with no specific prenatal, past, 

and family history, including cardiac and renal problems. The 

patient showed periumbilical pain and nonprojectile vomiting, 

but did not complain of urinary symptoms such as dysuria, 

frequency, and hematuria. His height was 115 cm (50th per-

centile) and his weight was 23.9 kg (75th–90th percentile). Vital 

signs were as follows: blood pressure, 110/70 mmHg; heart 
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rate, 134 beats/min; respiratory rate, 26 breaths/min; and body 

temperature, 39.7°C. On physical examination, there were no 

abnormalities except for tenderness in the lower abdomen. 

The blood test results on the day of admission were as follows: 

hemoglobin, 12.1 g/dL; hematocrit, 35.4%; white blood cell (WBC) 

count, 15,250/μL (neutrophil 87.5%); platelet count, 147,000/μL; 

erythrocyte sedimentation rate (ESR), 72 mm/hr; C-reactive 

protein (CRP), 10.2 mg/dL; blood urea nitrogen, 12.2 mg/dL; and 

creatinine, 0.42 mg/dL. Urinalysis results were as follows: pH, 

5.5; WBC, 30–49/high-power field (HPF); red blood cell, 10–19/

HPF; protein, +; nitrite, +; specific gravity, 1.022. Renal ultraso-

nography on hospital day 2 showed increased parenchymal 

echogenicity in both kidneys without hydronephrosis. Techne-

tium-99m dimercaptosuccinic acid (DMSA) scan on hospital 

day 3 confirmed left APN with lower pole defect (differential 

renal function, 45.2%) (Fig. 1A). Empiric antibiotics (cefotaxime) 

were administered from the day of hospitalization, but his fever 

remained uncontrolled on the 3rd day of hospitalization. Ami-

kacin was added to antibiotic treatment based on regional data 

that almost 20% of uropathogens are resistant to cefotaxime 

[7]. The next day, Escherichia coli >105 colony forming units per 

milliliter was isolated from the first and second urine cultures 

as the causative pathogen. Urine samples were collected via 

midstream clean-catch specimens. The pathogen was sensitive 

to both cefotaxime and amikacin, and the 3rd, 4th, and 5th cul-

tures were sterilized with antibiotic treatment. Follow-up urine 

tests were also normalized. There were no other pathogens 

isolated from bacterial and viral studies, including blood cul-
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ture and respiratory virus polymerase chain reaction. However, 

despite appropriate antibiotics and microbiological improve-

ment, the patient showed persistent fever through the 7th day 

of hospitalization. No organ dysfunction such as shock, oliguria, 

or seizure was observed, but he appeared lethargic and refused 

food. The body temperature was 36.5°C to 39.5°C, and antipyret-

ics were needed more than twice a day. Abdominal computed 

tomography was performed on hospital day 7 to rule out renal 

abscess formation, and there were no specific findings other 

than left APN. In the follow-up blood test, WBC count (7,380/μL) 

was normal, but ESR (56 mm/hr) and CRP (6.4 mg/dL) were still 

elevated. Considering the possibility of an excessive immune 

response to uropathogens, short courses of oral steroids (pred-

nisolone 1 mg/kg/day for 5 days) were added as adjuvant thera-

py. His fever resolved the next day after addition of steroid. No 

serious adverse events were observed during treatment with 

steroids. Three months after discharge, DMSA scan performed 

at the outpatient clinic showed no cortical abnormalities in ei-

ther kidney (Fig. 1B). 

For the management of allergic diseases, clinicians control 

the allergen and the exaggerated immune response to the al-

lergen (allergic inflammation). Similarly, for the management 

of infectious diseases, clinicians may need to control both the 

pathogen and excessive immune response to the pathogen 

(infectious inflammation) [6,8]. We do not believe that adjuvant 

steroids are routinely recommended for the management of 

pediatric APN. However, some children with APN may require 

adjuvant steroids along with antibiotic treatment [1]. Huang et 

al. [2] reported that the most important risk factor for renal scar 

formation was the initial inflammatory volume on DMSA. In-

creased WBC count and CRP levels in blood tests and duration 

of fever after initiation of antibiotic treatment may be risk fac-

tors for renal complications [3,4]. In clinical and experimental 

studies, adjuvant steroids have been shown to reduce proin-

flammatory cytokine levels [1,2]. Because these cytokines have 

both systemic and renal effects, adjuvant steroids can control 

infectious inflammation and prevent kidney damage [5]. Fortu-

nately, most infectious inflammation is self-limiting once the 

pathogen is eliminated with appropriate antibiotic treatment 

[1,6]. However, if the immune response becomes out of control, 

it can cause serious deterioration in the host [8,9]. For example, 

despite the elimination of the offending pathogen, a septic pa-

tient may develop shock and multi-organ dysfunction [10]. 

The application of adjuvant steroid therapy to control the 

untoward immune response during infectious episodes is not 

novel [5]. Adjuvant steroids have been reported to be effective 

and safe to treat a number of infectious diseases, such as bac-

terial meningitis, tuberculous pericarditis, infectious mono-

nucleosis, and macrolide-refractory mycoplasma pneumonia 

[2,10]. However, many clinicians hesitate to prescribe steroids 

for active infection because of their immunosuppressive ef-

fects and potential long-term complications [10]. We were also 

concerned about the side effects of steroids. The safety of adju-

vant steroids is supported by the safety of short courses of oral 

steroids (prednisolone 1–2 mg/kg for 3–5 days) in the treatment 

of infants and young children with bronchiolitis, croup, and 

asthma [2]. In actual practice, immunosuppressive effects and 

potential complications of steroids usually occur with high-

dose and long-term use [8,9]. 

Table 1. Previous studies of adjuvant steroid therapy in children with acute pyelonephritis

Author Country No. of steroid group Treatment regimen Findings
Sharifian et al. [1] Iran 34 DX, 0.6 mg/kg/day for 3 day Significant decrease in urinary cytokines
Huang et al. [2] Taiwan 19 MP, 1.6 mg/kg/day for 3 day Relief of renal scars in high-risk groupsa)

Shaikh et al. [3] USA 271 DX, 0.3 mg/kg/day for 3 day Fewer renal scars in the DX group
Da Dalt et al. [4] Italy 23 DX, 0.3 mg/kg/day for 4 day >50% probability to reduce renal scars

DX, dexamethasone; MP, methylprednisolone.
a)Patients who have a high risk of renal scar formation (increased inflammatory volume on DMSA [technetium 99m dimercaptosuccinic acid] 
scan or abnormal renal ultrasonography) [2].

Fig. 1. Technetium-99m dimercaptosuccinic acid (DMSA) scan. (A) 
Early DMSA scan during hospitalization shows a focal photon defect 
in left lower renal cortex. (B) Late DMSA scan 3 months after discharge 
shows no cortical abnormalities in either kidney.
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Based on the safety of short courses of oral steroids, adjuvant 

steroids were applied to our patient. We found that adjuvant 

steroids were safe and effective in controlling persistent fever 

and confirming infectious inflammation. According to the 

definition of postinfectious inflammatory reactions [8] and the 

guidelines for macrolide-refractory mycoplasma pneumonia 

[9], fever that persists for more than 72 hours after initiation 

of antibiotic treatment is considered inflammation requiring 

intervention. Indiscriminate use of steroids should be avoided, 

but prudent use of steroids can prevent deleterious inflamma-

tion and may reduce the prescription of multiple diagnostic 

tests and therapeutic agents. In conclusion, children with APN 

at a high risk of renal scarring may need adjuvant steroids 

to prevent renal inflammation. Similarly, children with APN 

whose fever persists despite appropriate antibiotics and mi-

crobiological improvement may require adjuvant steroids to 

control infectious inflammation. In this study, adjuvant steroids 

were applied based on clinical judgment without laboratory 

evidence such as cytokine evaluation. Subsequent studies are 

needed to supplement the limitations of this study. 

Ethical statements 

This study was approved by the Institutional Review Board of 

Bucheon St. Mary’s Hospital, The Catholic University of Korea 

(IRB No. HC21ZASI0085), and the consent was waived due to 

the nature of the retrospective study. 

Conflicts of interest 

Jin Soon Suh is an editorial board member of the journal but 

was not involved in the peer reviewer selection, evaluation, or 

decision process of this article. No other potential conflict of 

interest relevant to this article was reported. 

Funding 

None. 

Authors contributions

Conceptualization: HK, SYL

Data curation: JSS

Formal analysis: JHB

Project administration: SYL

Visualization: HK, JSS

Writing - original draft: HK

Writing - review & editing: JSS, SYL 

Approval of final manuscript: all authors.

References 

1. Sharifian M, Anvaripour N, Karimi A, Fahimzad A, Mohkam M, 

Dalirani R, et al. The role of dexamethasone on decreasing urinary 

cytokines in children with acute pyelonephritis. Pediatr Nephrol 

2008;23:1511-6. 

2. Huang YY, Chen MJ, Chiu NT, Chou HH, Lin KY, Chiou YY. Adjunctive 

oral methylprednisolone in pediatric acute pyelonephritis alleviates 

renal scarring. Pediatrics 2011;128:e496-504. 

3. Shaikh N, Shope TR, Hoberman A, Muniz GB, Bhatnagar S, Nowalk 

A, et al. Corticosteroids to prevent kidney scarring in children with 

a febrile urinary tract infection: a randomized trial. Pediatr Nephrol 

2020;35:2113-20. 

4. Da Dalt L, Bressan S, Scozzola F, Vidal E, Gennari M, La Scola C, et al. 

Oral steroids for reducing kidney scarring in young children with 

febrile urinary tract infections: the contribution of Bayesian analysis 

to a randomized trial not reaching its intended sample size. Pediatr 

Nephrol 2021;36:3681-92. 

5. Meena J, Kumar J. Adjuvant corticosteroids for prevention of kidney 

scarring in children with acute pyelonephritis: a systematic review 

and meta-analysis. Arch Dis Child 2021;106:1081-6. 

6. Si-Tahar M, Touqui L, Chignard M. Innate immunity and inflamma-

tion: two facets of the same anti-infectious reaction. Clin Exp Im-

munol 2009;156:194-8. 

7. Han SB, Lee SC, Lee SY, Jeong DC, Kang JH. Aminoglycoside therapy 

for childhood urinary tract infection due to extended-spectrum 

β-lactamase-producing Escherichia coli or Klebsiella pneumoniae. 

BMC Infect Dis 2015;15:414. 

8. Abraham P, Marin G, Filleron A, Michon AL, Marchandin H, Godreuil 

S, et al. Evaluation of post-infectious inflammatory reactions in a 

retrospective study of 3 common invasive bacterial infections in 

pediatrics. Medicine (Baltimore) 2022;101:e30506. 

9 Korean Academy of Pediatric Allergy and Respiratory Disease; Ko-

rean Society of Pediatric Infectious Disease. 2019 Guidelines for 

macrolide-refractory severe mycoplasma pneumonia in children 

[Internet]. Seoul: Korean Medical Guideline Information Center; 

c2019 [cited 2022 Nov 22]. Available from: https://www.guideline.

or.kr/guide/view.php?number=1095&cate=A. 

10. Pereira JM, Lisboa T, Paiva JA. Adjuvant therapies in critical care: ste-

roids to treat infectious diseases. Intensive Care Med 2018;44:1306-9.

https://doi.org/10.3339/ckd.22.040
https://doi.org/10.1007/s00467-008-0864-4
https://doi.org/10.1007/s00467-008-0864-4
https://doi.org/10.1007/s00467-008-0864-4
https://doi.org/10.1007/s00467-008-0864-4
https://doi.org/10.1542/peds.2010-0297
https://doi.org/10.1542/peds.2010-0297
https://doi.org/10.1542/peds.2010-0297
https://doi.org/10.1007/s00467-020-04622-3
https://doi.org/10.1007/s00467-020-04622-3
https://doi.org/10.1007/s00467-020-04622-3
https://doi.org/10.1007/s00467-020-04622-3
https://doi.org/10.1007/s00467-021-05117-5
https://doi.org/10.1007/s00467-021-05117-5
https://doi.org/10.1007/s00467-021-05117-5
https://doi.org/10.1007/s00467-021-05117-5
https://doi.org/10.1007/s00467-021-05117-5
https://doi.org/10.1136/archdischild-2020-320591
https://doi.org/10.1136/archdischild-2020-320591
https://doi.org/10.1136/archdischild-2020-320591
https://doi.org/10.1111/j.1365-2249.2009.03893.x
https://doi.org/10.1111/j.1365-2249.2009.03893.x
https://doi.org/10.1111/j.1365-2249.2009.03893.x
https://doi.org/10.1186/s12879-015-1153-z
https://doi.org/10.1186/s12879-015-1153-z
https://doi.org/10.1186/s12879-015-1153-z
https://doi.org/10.1186/s12879-015-1153-z
https://doi.org/10.1097/md.0000000000030506
https://doi.org/10.1097/md.0000000000030506
https://doi.org/10.1097/md.0000000000030506
https://doi.org/10.1097/md.0000000000030506
https://www.guideline.or.kr/guide/view.php?number=1095&cate=A
https://www.guideline.or.kr/guide/view.php?number=1095&cate=A
https://doi.org/10.1007/s00134-017-5020-9
https://doi.org/10.1007/s00134-017-5020-9


GENERAL INFORMATION

Childhood Kidney Diseases (Child Kidney Dis, ChiKD) is a 

peer-reviewed open-access journal of medicine published 

in English. The Journal is published twice per year (the last 

day of June and December). It is the official publication of the 

Korean Society of Pediatric Nephrology (KSPN). ChiKD covers 

clinical and research works relevant to all aspects of pediatric 

nephrology. The journal aims to serve researchers engaged 

in pediatrics, nephrology, urology, genetics and laboratory 

medicine, and related fields through the prompt publication 

of significant advances in pediatric nephrology and to rap-

idly disseminate recently updated knowledge to the public. 

Additionally, it will initiate dynamic, international, academic 

discussions concerning the major topics related to pediatric 

nephrology.

Manuscripts submitted to ChiKD should be prepared accord-

ing to the following instructions. For issues not addressed in 

these instructions, authors are referred to “Recommendations 

for the Conduct, Reporting, Editing and Publication of Scholar-

ly Work in Medical Journals” from the International Commit-

tee of Medical Journal Editors (ICMJE; http://www.icmje.org). 

It also adheres completely to the “Principles of Transparency 

and Best Practice in Scholarly Publishing” from Committee on 

Publication Ethics (COPE), the Directory of Open Access Jour-

nals (DOAJ), the World Association of Medical Editors (WAME), 

and the Open Access Scholarly Publishers Association (OASPA) 

(http://doaj.org/bestpractice) if not otherwise described below.

RESEARCH AND PUBLICATION ETHICS

The journal adheres to the ethical guidelines for research and 

publication described in the Guidelines on Good Publication 

(http://publicationethics.org/resources/guidelines) and the IC-

MJE Guidelines (http://www.icmje.org).

1. Authorship

An author is considered as an individual who has made sub-

stantive intellectual contributions to a published study and 

whose authorship continues to have important academic, 

social, and financial implications. The ICMJE has recommend-

ed the following criteria for authorship: (1) substantial contri-

butions to conception and design, acquisition, analysis, and 

interpretation of data; (2) drafting the article or revising it criti-

cally for important intellectual content; (3) final approval of the 

version to be published; and (4) agreement to be accountable 

for all aspects of the work in ensuring that questions related 

to the accuracy or integrity of any part of the work are appro-

priately investigated and resolved. If any persons do not meet 

the above four criteria, they may be listed as contributors in 

the Acknowledgments section. After the initial submission of 

a manuscript, any changes whatsoever in authorship (adding 

author(s), deleting author(s), or re-arranging the order of au-

thors) must be explained by a letter to the editorial office (or 

editor-in-chief) from the authors concerned. This letter must 

be signed by all authors of the paper. Copyright assignment 

must also be completed by every author.

2. Originality, plagiarism, and duplicate publication

Submitted manuscripts should be original and should not be 

under consideration by other scientific journals for publica-

tion. No part of an accepted manuscript should be duplicated 

in any other scientific journal without the permission of the 

Editorial Board, although the figures and tables can be used 

freely if the original source is acknowledged according to the 

Creative Commons Attribution License. It is mandatory for all 

authors to resolve any copyright issues when citing a figure or 

table from another journal that is not open-access. The cover 

letter must include the corresponding author’s name, address, 

telephone number, and e-mail address, and state that the 

manuscript is not under consideration for publication and 

has not been published elsewhere. Similarity Check is used 

to screen submitted manuscripts for possible plagiarism or 

duplicate publication upon arrival. If plagiarism or duplicate 

publication is detected, the manuscript will be rejected, the 

authors will be announced in the journal, and their institu-

tions will be informed. There will also be penalties for the au-

thors. If the author(s) wishes to obtain a duplicate or second-

ary publication for various other reasons, such as for readers 

of a different language, he/she should obtain approval from 

the editors-in-chief of both the first and second journals.

3. Conflict of interest statement

A conflict of interest exists when an author (or the author’s 

institution), reviewer, or editor has financial or personal rela-

Instructions For Authors

www.chikd.org  i

http://www.icmje.org


ii  www.chikd.org

tionships that inappropriately influence his/her actions (such 

relationships are also known as dual commitments, compet-

ing interests, or competing loyalties). All authors should dis-

close their conflicts of interest, such as (1) financial relation-

ships (such as employment, consultancies, stock ownership, 

honoraria, paid expert testimony), (2) personal relationships, 

(3) academic competition, and (4) intellectual beliefs. We de-

fine “people with personal connections” as minors (age under 

18) or researchers’ family members (spouse, offspring, rela-

tives, and so on). These conflicts of interest must be included 

after the discussion section. Each author should certify the 

disclosure of any conflict of interest with his/her signature. If 

no conflict exists, please state that “The author(s) declare(s) 

that there is no conflict of interest.”

4. Statement of privacy, confidentiality, and written 
informed consent

The ICMJE has recommended the following statement for the 

protection of privacy, confidentiality, and written informed 

consent: The rights of patients should not be infringed without 

written informed consent. Identifying details should not be 

published in written descriptions, photographs, and pedigrees 

unless it is essential for scientific purposes and the patient 

(or his/her parents or guardian) provides written informed 

consent for publication. However, complete patient anonym-

ity is difficult to achieve; therefore, informed consent should 

be obtained in the event that anonymity of the patient is not 

assured. For example, masking the eye region of patients in 

photographs is not adequate to ensure anonymity. If identify-

ing characteristics are changed to protect anonymity, authors 

should provide assurance that alterations do not distort sci-

entific meaning and editors should take note of this. When 

informed consent has been obtained, it should be indicated in 

the published article.

5. Statement of human and animal rights

While reporting experiments that involve human subjects, 

it should be stated that the study was performed accord-

ing to the Declaration of Helsinki (https://www.wma.net/

policies-post/wma-declaration-of-helsinki-ethical-prin-

ciples-for-medical-research-involving-human-subjects/) 

and approved by the Research Ethics Committee (REC) or the 

Institutional Review Board (IRB) of the institution where the 

experiment was performed. Written informed consent should 

be obtained from all subjects. In animal studies, a statement 

should be provided indicating that the experimental process, 

such as the breeding and the use of laboratory animals, was 

approved by the REC of the institution where the experiment 

was performed or that it did not violate the rules of the REC of 

the institution or the National Institutes of Health (NIH) Guide 

for the Care and Use of Laboratory Animals (https://grants.nih.

gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-

animals.pdf). The authors should preserve raw experimental 

study data for at least 1 year after the publication of the paper 

and should present this data if required by the Editorial Board.

6. Registration of clinical research

Any research that deals with a clinical trial should be regis-

tered with the primary national clinical trial registration site, 

such as http://cris.nih.go.kr/cris/index.jsp, https://clinicaltrials.

gov/ or other sites accredited by World Health Organization 

(https://www.who.int/clinical-trials-registry-platform).

7. Process for managing research and publication mis-
conduct

When the journal faces suspected cases of research and publi-

cation misconduct such as redundant (duplicate) publication, 

plagiarism, fraudulent or fabricated data, changes in author-

ship, an undisclosed conflict of interest, ethical problems with 

a submitted manuscript, a reviewer who has appropriated an 

author’s idea or data, complaints against editors, and so on, 

the resolution process will follow the flowchart provided by 

the COPE (http://publicationethics.org/resources/flowcharts). 

The REC of ChiKD will carry out the discussion and decision for 

suspected cases. We will not hesitate to publish errata, corri-

genda, clarifications, retractions, and apologies when needed.

8. Complaints and appeals policy

The policies of ChiKD are principally intended to protect the 

authors, reviewers, editors, and the publisher of the journal. 

The process of handling complaints and appeals follows the 

guidelines of the COPE (https://publicationethics.org/guidance/

Guidelines).

9. Editorial responsibilities

The Editorial Board will continuously work to monitor and 

https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-research-involving-human-subjects/
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
https://grants.nih.gov/grants/olaw/guide-for-the-care-and-use-of-laboratory-animals.pdf
http://cris.nih.go.kr/cris/index.jsp
https://clinicaltrials.gov
https://clinicaltrials.gov
https://www.who.int/clinical-trials-registry-platform
http://publicationethics.org/resources/flowcharts
https://publicationethics.org/guidance/Guidelines
https://publicationethics.org/guidance/Guidelines


www.chikd.org  iii

safeguard publication ethics, including guidelines for retract-

ing articles; maintenance of the integrity of the academic 

record; preclusion of business needs from compromising 

intellectual and ethical standards; publishing corrections, 

clarifications, retractions, and apologies when needed; and ex-

cluding plagiarism and fraudulent data. The editors maintain 

the following responsibilities: responsibility and authority to 

reject and accept articles; avoiding any conflict of interest with 

respect to articles they reject or accept; promoting publication 

of corrections or retractions when errors are found; and pres-

ervation of the anonymity of reviewers.

COPYRIGHT, OPEN ACCESS POLICY, AND 
CLINICAL DATA SHARING POLICY

1. Copyright

All published papers become the permanent property of 

ChiKD. The copyrights of all published materials are owned by 

ChiKD. Every author should sign the authorship responsibility 

and copyright transfer agreement form, attesting that he or 

she fulfills the authorship criteria.

2. Open access

ChiKD is an open-access journal that is free of charge. Articles 

are distributed under the terms of the Creative Commons 

Attribution Non-Commercial License (available from: http://

creativecommons.org/licenses/by-nc/4.0/). For any commer-

cial use of material from this open-access journal, permission 

must be obtained from ChiKD.

3. Archiving

The full-text of ChiKD is archived in the Korea Citation Index 

(KCI; https://www.kci.go.kr/kciportal/main.kci), and the Nation-

al Library of Korea (NLK; https://seoji.nl.go.kr/archive). ChiKD 

provides an electronic backup and preservation of access to 

the journal content in the event the journal is no longer pub-

lished by archiving in KCI and NLK.

4. Data sharing policy

Open data policy: ChiKD does not mandate data sharing. In the 

interest of transparency and in support of FAIR data principles 

(https://www.go-fair.org/fair-principles/), however, authors are 

requested to provide the data and other artefacts supporting 

the results in the paper by archiving them in an appropriate 

public repository. Authors may provide a data availability 

statement, including a link to the repository they have used, 

in order that this statement can be published in their paper. 

Shared data should be cited.

Clinical data sharing policy: ChiKD accepts the ICMJE Rec-

ommendations for a data sharing statement policy (http://

icmje.org/icmjerecommendations.pdf). Authors may refer to 

the editorial, “Data Sharing Statements for Clinical Trials: A Re-

quirement of the International Committee of Medical Journal 

Editors,” in JKMS vol. 32, no. 7:1051-1053 (https://doi.org/10.3346/

jkms.2017.32.7.1051).

MANUSCRIPT SUBMISSION AND PEER 
REVIEW PROCESS

1. Online submission

All manuscripts should be submitted via the e-submission 

system available at http://submit.chikd.org/. Manuscripts 

should be submitted by the corresponding author, who should 

indicate the address, phone number, and e-mail address for 

correspondence on the title page of the manuscript. The re-

vised manuscript is to be submitted through the same web 

system under the same identification numbers. Once an au-

thor has registered and logged into your account, the online 

system will lead the user through the steps of the submission 

process in order. All articles submitted to the journal must 

comply with these instructions. Failure to do so will result in 

the return of the manuscript and possible delay in publication. 

For assistance, please contact us via e-mail (chikd@chikd.org) 

or telephone (+82-10-4391-0788).

2. Online submission

ChiKD reviews all received materials. All papers are evaluated 

by a double-blind, peer-review process. Manuscripts are sent 

to the two (or more) most relevant investigators, who review 

the content. The acceptance criteria for all papers are based 

on the quality and originality of the research and its clinical 

and scientific significance. An initial decision will normally 

be made within 2 weeks after the reviewers agree to review a 

manuscript, and the reviewers’ comments will then be sent to 

the corresponding authors. Revised manuscripts must be sub-

mitted online by the corresponding author. Failure to resubmit 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.kci.go.kr/kciportal/main.kci
https://seoji.nl.go.kr/archive
https://www.go-fair.org/fair-principles/
http://icmje.org/icmjerecommendations.pdf
http://icmje.org/icmjerecommendations.pdf
https://doi.org/10.3346/jkms.2017.32.7.1051
https://doi.org/10.3346/jkms.2017.32.7.1051
http://submit.chikd.org/


iv  www.chikd.org

the revised manuscript within 4 weeks of the editorial decision 

is regarded as a withdrawal. The editorial office should be no-

tified if additional time is needed or if an author chooses not 

to submit a revision. The editorial committee makes decisions 

concerning editing, revision, and acceptance or rejection, and 

editing may include shortening an article, reducing the num-

ber of illustrations or tables, or changing the paper’s format or 

the order of the manuscript. The editor selects referees, and 

the results of reviews will be classified as follows:

• Accepted: The manuscript will be forwarded to the publisher with-
out further corrections.

• Minor revision: The author should address the comments from 
the reviewers, which will be confirmed by the reviewers.

• Major revision: The author should address the comments from 
the reviewers and make the appropriate corrections for review by 
the reviewers.

• Rejection: When one out of the two (or more) reviewers rejects the 
manuscript, the final decision is made by the editorial committee.

3. Peer review process for handling submissions from 
editors, employees, or members of the editorial board

All manuscripts from editors, employees, or members of the 

editorial board are processed in the same way as other unso-

licited manuscripts. During the review process, submitters will 

not engage in the selection of reviewers or the decision pro-

cess. Editors will not handle their own manuscripts even if the 

manuscripts are commissioned.

4. Conditions of publication

All authors are required to affirm the following statements 

prior to their manuscript being considered:

(1) If the manuscript does not have a new result or conclu-

sion, then it should not have the same title as a previously 

published article.

(2) Once a case has been published in an original paper, it 

may not be reproduced as a case report. However, the 

Editorial Board may consider making an exception and 

accepting a report in circumstances in which a novel di-

agnostic method, a novel therapeutic trial, or a previously 

unknown accompanying condition is found.

(3) Clinical trials on drugs with commercial implications will 

be evaluated by the proper subcommittee before being 

reviewed for publication.

(4) Case reports of previously published cases will not be ac-

cepted. The editorial board will make an exception only 

if the case is very rare. The index of ChiKD should be re-

viewed before submitting a case report.

(5) Rejected manuscripts may not be resubmitted.

(6) If the author does not address the comments made by the 

reviewer or if the manuscript does not follow the guide-

lines provided, it will be rejected.

MANUSCRIPT PREPARATION

The details of manuscript preparation differ according to the 

publication type, including reviews, original articles, case re-

ports, editorials, and correspondence. Other types can be dis-

cussed with the Editorial Board.

1. Publication type

ChiKD publishes review articles, original articles, case reports, 

editorial, and correspondence.

1) Reviews: This type of article offers concise reviews of im-

portant topics in pediatric nephrology. Review articles are 

accepted after peer review. They should have the follow-

ing structure: title page, unstructured abstract of no more 

than 200 words and keywords, main text (introduction, 

body text, conclusion), references, tables, figures, and fig-

ure legends. The length of the text excluding references, 

tables, and figures should not exceed 5,000 words. The 

number of references is limited to 100.

2) Original articles: These are papers containing the re-

sults of clinical or laboratory investigations, which are 

sufficiently well documented to be acceptable to critical 

readers. The original articles should be organized in the 

following order: title page, structured abstract of no more 

than 250 words and keywords, main text (introduction, 

methods, results, discussion), references, tables, figures, 

and figure legends. Maximum length: 4,000 words of text 

(not including the abstract, tables, figures, and referenc-

es). A maximum of 6 tables or 6 figures is allowed. The 

number of references should not exceed 40.

3) Case reports: Case reports should be organized in the fol-

lowing order: title page, unstructured abstract of no more 

than 200 words) and keywords, main text (introduction, 

case report, discussion), references, tables, figures, and 

figure legends. The length of the text, excluding referenc-



www.chikd.org  v
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by the US National Center for Biotechnology Information 

(NCBI) or the HUGO Gene Nomenclature Committee.

• The terms sex (when reporting biological factors) and gen-

der (identity, psychosocial or cultural factors) should be 

correctly used. The sex and/or gender of study participants 
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• Statistical expression: mean and standard deviation should 

be described as mean±SD, and mean and standard error 

as mean±SE. P-values should be described as P<0.05 or 
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https://www.nlm.nih.gov/services/research_report_guide.html
https://www.nlm.nih.gov/services/research_report_guide.html
http://www.chikd.org/authors/authors.php
http://www.chikd.org/authors/authors.php


vi  www.chikd.org

stitutional affiliation(s) of the author(s); (4) the running title, of 

10 words or less; (5) the e-mail address, telephone number of 

the corresponding author; and (6) notes. If several authors and 

institutions are listed, it should be made clear with which de-

partment and institution each author is affiliated. For a mul-

ticenter study, each individual’s affiliation should be indicated 

using a superscript Arabic number 1,2,3.... The corresponding 

author or first author should be clearly designated. In a sepa-

rate paragraph, an address for correspondence including the 

name of the corresponding author and his/her degree, address 

(institutional affiliation, city, zip code, and country), telephone 

numbers, and e-mail address should be given. The running ti-

tle should not be a declarative or interrogative sentence. Notes 

(disclaimers) include ethics approval and consent to partici-

pate, conflict of interest, funding, authors’ contributions, addi-

tional contributions, and ORCID of all authors. All contributors 

who do not meet the criteria for authorship as defined above 

should be listed in an additional contribution section. Exam-

ples of those who might be acknowledged include a person 

who provided purely technical help, writing assistance, or a 

department chair who provided only general support. Authors 

should disclose whether they had any writing assistance and 

identify the entity that paid for this assistance.

2. Abstract and keywords

1) Abstract: Original articles provide a structured abstract of 

less than 250 words, which should be divided into the fol-

lowing sections:

• Purpose: A single sentence describing why the study was 

done and the type of study carried out. Clinical studies 

should include the setting (e.g., practice or hospital).

• Methods: The total number of species of animals or sub-

jects, with (where relevant) the method of selection. For in 

vitro studies, specify the cell and tissue used, the assays or 

assessments carried out, and the statistical tests applied.

• Results: The main results obtained, providing means (±SD 

or SE) or medians (with ranges) and significance levels, 

where necessary. Clinical data should include any with-

drawals.

• Conclusions: Implications based on the methods and re-

sults presented.

Abbreviations, if needed, should be kept to an absolute min-

imum, and given with proper identifications.

2) Keywords: Authors should provide, and identify as such, up 

to 5 keywords or short phrases that will assist indexers in 

cross-indexing the article and can be published with the ab-

stract. Use terms from the Medical Subject Headings (MeSH) 

list of Index Medicus; if suitable MeSH terms are not yet 

available for recently introduced terms, present terms may 

be used. The first letter of a keyword should be capitalized 

(e.g., Nephrotic syndrome; Hematuria).

3. Main text

1) Introduction: The introduction should contain enough 

references to the most pertinent papers to inform readers 

and describe others’ relevant findings. It also includes the 

specific question driving the authors’ particular investiga-

tion.

2) Methods: We endorse the principles articulated in the 

Declaration of Helsinki and expect that all investigations 

involving human materials have been performed in ac-

cordance with these principles. Animal experiments must 

be reviewed and approved by an appropriate committee 

(Institutional Animal Care and Use Committee) for the 

care and use of animals. Studies involving pathogens re-

quiring a high degree of biosafety should pass the review 

of a relevant Institutional Biosafety Committee. The ap-

proval of the experimental protocol should be described in 

the Methods section. An explanation of the experimental 

methods should be concise and sufficient for repetition by 

other qualified investigators. Procedures that have been 

published previously should not be described in detail; 

however, new or significant modifications of previously 

published procedures need full descriptions. The sourc-

es of special chemicals or preparations should be given 

(i.e., name of company, city and state, and country). The 

methods of statistical analyses and the criteria used to de-

termine statistical significance (i.e., the significance level) 

should be described. Case reports, case histories, or case 

descriptions do not contain separate Methods or Results 

sections.

3) Results: This part should be presented logically using text, 

tables, and illustrations. Excessive textual repetition of ta-

ble or figure content should be avoided.

4) Discussion: The data should be interpreted concisely with-

out repeating materials already presented in the Results 

section. Speculation is permitted, but it must be support-

ed by the authors’ presented data and be well-founded.
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4. References

In the text, references should be cited with Arabic numerals in 

brackets, numbered in the order cited. In the references sec-

tion, the references should be numbered and listed in order 

of appearance in the text. Authors are responsible for the ac-

curacy and completeness of their references and correct text 

citations.

• List all authors up to six in number. If there are more than 

six authors, list the first six and add “et al.” to the last au-

thor’s name.

• Papers in press may be listed among the references with 

the journal name and tentative year of publication.

• Unpublished data or personal communications can be list-

ed only with the author’s written permission.

• Other types of references not described below should fol-

low the Recommendations of ICMJE (https://www.nlm.nih.

gov/bsd/uniform_requirements.html).

Journal article:

1. Choe JY, Jang KM, Hwang YJ, Choi BS, Park JK, Yoon YR, et 

al. Effects of age and sex on the pharmacokinetics of tac-

rolimus during pediatric kidney transplantation: a single 

center study. Child Kidney Dis 2014;18:18-23.

2. Aier A, Pais P, Raman V. Psychosocial aspects of chil-

dren with chronic kidney disease and their families. Clin 

Exp Pediatr 2021 Nov 10 [Epub]. https://doi.org/10.3345/

cep.2021.01004.

Book or book chapter:

3. Volpe JJ. Neurology of the newborn. 5th ed. Philadelphia: 

Saunders/Elsevier; 2008.

4. Hong CE. Textbook of pediatrics. 9th ed. Seoul: Korea Text-

book Publishing Co.; 2008.

5. Pan ES, Cole FS, Weinttrub PS. Viral infections of the fetus 

and newborn. In: Taeusch HW, Ballard RA, Gleason CA, 

editors. Avery’s diseases of the newborn. 8th ed. Philadel-

phia: Elsevier Saunders; 2005. p. 495–529.

Website

6. International Committee of Medical Journal Editors. Read 

the Recommendations for the Conduct, Reporting, Ed-

iting, and Publication of Scholarly work in Medical Jour-

nals[Internet]. Philadelphia: International Committee of 

Medical Journal Editors; 2021 [cited 2022 Jan 10]. Available 

from: http://www.icmje.org/recommendations/.

5. Table(s)

Tables should be typed double-spaced on separate pages 

within the manuscript, and they should be titled and num-

bered in Arabic numerals in the order of their first citation in 

the text. Each column should be given a short heading. Only 

the first letter of the first word in each row and column should 

be capital letters. If numerical measurements are given, the 

unit of measurement should be included in the each heading. 

The statistical significance of observed differences in the data 

should be indicated by the appropriate statistical analysis. All 

abbreviations should be defined in footnotes. For special re-

marks, superscripts a), b), c)... should be used. No more than 6 

tables are needed. Tables should follow the references on sep-

arate pages.

6. Figure(s)

The author is responsible for submitting prints that are of 

sufficient quality to permit accurate reproduction, and for 

approving the final color galley proof. ChiKD assumes no re-

sponsibility for the quality of the photography as it appears in 

the journal. Symbols, arrows, or letters used in photographs 

should contrast with the background. A legend for each light 

microscopic photograph should include name of the stain and 

magnification (i.e., H&E, ×400); electron microscopic photog-

raphy should have an internal scale marker. All kinds of fig-

ures may be reduced, enlarged, or trimmed for publication by 

the editor. No more than 6 figures are needed. All legends for 

figures should be double-spaced. Figure legends should fol-

low tables on separate pages. Do not use a separate sheet for 

each legend. Figure legends should describe briefly the data 

shown and explain any abbreviations or reference points in 

the photograph. The figures should be numbered in the form 

Fig. 1, Fig. 2, and Fig. 3. Related figures should be combined into 

one figure, with each subfigure denoted by the letters, A, B, C, 

and so on, following the Arabic number of the main figure (i.e., 

Fig. 1A; Fig. 1B, C; Fig. 1A–C). Figures should be submitted in the 

TIFF or EPS file formats. If the only possible file format is JPEG, 

it must be in the highest quality with minimum compression. 

It is recommended to size original figure widths to 4 inches 

wide. The minimum requirements for digital resolution are:

• 900 DPI/PPI for black and white images, such as line draw-

ings or graphs.

• 300 DPI/PPI for picture-only photographs.

https://www.nlm.nih.gov/bsd/uniform_requirements.html
https://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/recommendations
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• 600 DPI/PPI for photographs containing pictures and line el-

ements, i.e., text labels, thin lines, arrows.

MANUSCRIPT PROCESSING AFTER 
ACCEPTANCE

1. Final version

After a paper has been accepted for publication, the author(s) 

should submit the final version of the manuscript. The names 

and affiliations of authors should be double-checked, and if 

the originally submitted image files were of poor resolution, 

higher resolution image files should be submitted at this time. 

TIFF and PDF formats are preferred for the submission of dig-

ital files of photographic images. Files containing figures must 

be named according to the figure number (ex: Fig. 1. tiff). Sym-

bols (e.g., circles, triangles, squares), letters (e.g., words, abbre-

viations), and numbers should be large enough to be legible on 

reduction to the journal’s column widths. All symbols must be 

defined in the figure caption. If references, tables, or figures 

are moved, added, or deleted during the revision process, they 

should be renumbered to reflect such changes so that all ta-

bles, references, and figures are cited in numeric order.

2. Manuscript corrections

Before publication, the manuscript editor will correct the 

manuscript such that it meets the standard publication for-

mat. The author(s) must respond within 2 working days when 

the manuscript editor contacts the author for revisions. If 

the response is delayed, the manuscript’s publication may be 

postponed to the next issue.

3. Galley proof

After corrections have been made, an accepted manuscript 

will be sent to the publisher for printing. The proof may be re-

vised more than once by the corresponding author, if needed. 

The author should double-check for corrections in the con-

tent, title, affiliation, capitalization, locations of figures, and 

references. Corresponding authors are responsible for further 

corrections made after printing.

4. Article processing charges

There are no article processing charges.

5. Confirmation of acceptance

Once the manuscript is at the publisher, confirmation of ac-

ceptance by ChiKD will be issued. Upon registering for the 

board exams, a receipt of confirmation can be ordered for an 

accepted manuscript.

6. Post-publication discussions

Post-publication discussions can be held through letters to the 

editor. If any readers have concerns about any articles pub-

lished, they can submit a letter to the editor related to the arti-

cles. If any errors or mistakes are found in an article, they can 

be corrected through an erratum, corrigendum, or retraction.

CONTACT INFORMATION

Questions regarding manuscript submission may be sent to:

Editorial Office

Korean Society of Pediatric Nephrology

240 Gimpohangang 1-ro, Gimpo 10078, Republic of Korea

Tel: +82-10-4391-0788, E-mail: chikd@chikd.org
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