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ABSTRACT
Postinfectious glomerulonephritis (PIGN) is most commonly caused by Streptococcus pyogenes 
in children, but PIGN associated with other pathogens has been described in the literature. 
A previously healthy 6-year-old boy was admitted with complaints of cough, fever, and 
right chest pain. The patient was diagnosed with pneumococcal bacteremia and influenza 
A virus infection and treated with antibiotics and antiviral agent. During hospitalization, 
generalized edema, hematuria, proteinuria, and increased blood pressure were observed; 
therefore, we started administering diuretics. The boy was discharged with gross hematuria, 
and even microscopic hematuria disappeared 14 weeks after discharge. We report a case of 
PIGN associated with bacteremic pneumococcal pneumonia and influenza A virus infection 
in children. A urine test and blood pressure measurement should be considered for the early 
detection of PIGN in children with pneumococcal or influenza A virus infection when they 
present with nephritic symptoms.
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INTRODUCTION

Postinfectious glomerulonephritis (PIGN) is the most common form of acute 
glomerulonephritis (AGN) in children. PIGN is most commonly caused by Streptococcus 
pyogenes and is often referred to as poststreptococcal glomerulonephritis (PSGN). The 
classic clinical manifestation of PSGN is the appearance of hematuria, proteinuria, 
hypertension, edema, and renal dysfunction after 1–2 weeks of throat infection or 2–6 weeks 
after skin infection by S. pyogenes.1) PIGN caused by other pathogens, including Streptococcus 
pneumoniae, has been reported occasionally.2-9) In this study, we report a case of PIGN 
associated with S. pneumoniae and influenza A virus infection in a 6-year-old Korean child 
and review the cases reported to date.
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CASE

A 6-year-old boy came to the emergency room after 2 weeks of cough and 3 days of high 
fever. Right chest pain, which was more severe upon holding his breath, began soon after the 
onset of fever. His vital signs were as follows: 141/73 mmHg blood pressure (BP), 155 beats/
minute pulse rate, 28 breaths/minute respiration rate, and 39.3°C body temperature. Upon 
physical examination, decreased breath sounds with mild crackle were auscultated on the 
right upper lung field. The initial chest X-ray showed lobar consolidation on the right upper 
lobe and a small amount of pleural effusion (Fig. 1). In the peripheral blood analyses, the 
number of leukocytes was 16,250/mm3 (83.5% neutrophils, 11.7% lymphocytes, and 4.6% 
monocytes), and the level of C-reactive protein was 20.04 mg/dL. The levels of blood urea 
nitrogen and creatinine were 13.0 and 0.54 mg/dL, respectively. The serum levels of total 
protein and albumin were 6.0 and 2.7 mg/dL, respectively. Urinalysis showed albumin 2+, 
occult blood 2+, and leukocyte 1+. In the sediment urine test, 10–19 red blood cells (RBCs) 
and 5–9 white blood cells (WBCs) per high power field (HPF) were observed. An influenza 
virus rapid antigen test of a nasopharyngeal swab sample was positive for influenza A virus. 
We started oseltamivir (45 mg, twice a day) to treat the influenza infection and empirical 
antibiotics including ampicillin/sulbactam (1,200 mg, four times a day) and roxithromycin 
(50 mg, twice a day) to manage the lobar pneumonia. Because the patient was not considered 
immunocompromised by past medical history, physical examination, and routine laboratory 
test findings, we did not perform further immunologic function tests. He had received 
13-valent pneumococcal conjugate vaccines and seasonal influenza vaccines, according to the 
recommended immunization schedule.

On the 1st day of hospitalization, generalized edema, oliguria, and microscopic hematuria 
worsened. As gram-positive cocci grew in the blood culture, we changed empirical parenteral 
antibiotics from ampicillin/sulbactam to vancomycin (360 mg, four times a day) and 
cefotaxime (1,200 mg, three times a day). On the 2nd day, there was no abnormality on the 
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Fig. 1. Chest radiography shows right pleural effusion with consolidation in right upper lobe.
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echocardiogram. In the analysis of pleural fluid, the WBC count was 32,000/mm3, the RBC 
count was 20,000/mm3, the protein level was 2.3 g/dL, and the lactate dehydrogenase level was 
713 U/L. S. pneumoniae was detected in the antigen test but did not grow in the culture of pleural 
fluid. We did not perform any bacterial polymerase chain reaction (PCR) testing for pleural 
fluid. Serum C3, C4, and CH50 levels were decreased at 11 (normal value 90–180) mg/dL, 16 
(normal value 16–47) mg/dL, and 10 (normal value 26–58) U/mL, respectively, whereas anti-
streptolysin O (ASO) levels were increased at 550 (normal value 0–166) IU/mL.

On the 5th day, after cefotaxime has been administered for 5 days, cough and sputum began 
to improve, and his fever subsided. Penicillin-susceptible S. pneumoniae were finally identified 
from his blood culture; thus, we discontinued vancomycin and roxithromycin. His systolic 
BP increased to 139 mmHg, and his ASO level was >600 IU/mL on the 6th day. Microscopic 
hematuria increased to 50-99 RBCs/HPF, and the urine protein/creatinine ratio rose to 3.39. 
Respiratory virus real-time PCR testing of a nasopharyngeal swab and pleural fluid were both 
positive for influenza A virus.

On the 7th day of hospitalization, hematuria and proteinuria worsened, and his BP 
also increased; therefore, furosemide (20 mg, twice a day) was administered. Renal 
ultrasonography on the 9th day did not show any abnormal findings. Soon after the 
generalized edema disappeared, furosemide was changed to amlodipine (1.25 mg, once 
a day) and then to enalapril (3.75 mg, once a day) on the 13th day to control his high BP. 
The patient was discharged on the next day, and enalapril was continued for 6 months. 
Cefotaxime was administered intravenously for 14 days during hospitalization, and oral 
antibiotics were not prescribed at discharge. At discharge, the urine protein/creatinine ratio 
was 5.00, and gross hematuria persisted. Proteinuria was evaluated using protein/creatinine 
ratio. At 6 weeks after discharge, his serum C3 level increased to 91 mg/dL, and his urine 
protein/creatinine ratio decreased to 0.24 (Table 1). Microscopic hematuria disappeared 14 
weeks after discharge, and renal function was fully normalized 11 months after discharge. 
In addition, the S. pneumoniae isolate was serologically typed by the Quellung reaction, at 
the research laboratory of the division of pediatric infectious diseases in Seoul National 
University Children's Hospital. The serotype was determined as 13.
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Table 1. Laboratory findings of the patient on admission and OPD
ER #1 HD #3 HD #6 HD #9 HD #16 OPD #6 wks OPD #14 wks

Serum
C3 (mg/dL) 11 20 27 45 91 103
C4 (mg/dL) 16 21 20
ASO (IU/mL) 550 >600 576 539 448
BUN (mg/dL) 13 6 10 18 11
Cr (mg/dL) 0.54 0.41 0.43 0.55 0.48
CRP (mg/dL) 20.04 4.01 0.4
Protein (g/dL) 6.0 6.1 7.4 8.0 7.4
Albumin (g/dL) 2.7 2.2 3.1 3.6 4.2 4.2 4.5

Urine
Albumin 2+ +/− 3+ 2+ 2+ +/− −
Protein (mg/dL) 18 424 224 403 14 6
Protein/Cr 0.87 4.94 2.99 3.52 0.24 0.08
RBC/HPF 10–19 10–19 ≥100 >100 >100 50–99 1–4

Abbreviations: ER, emergency room; HD, hospital day; OPD, out-patient department; C, complement; ASO, anti-streptolysin O; BUN, blood urea nitrogen; Cr, 
creatinine; CRP, C-reactive protein; HPF, high power field.
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DISCUSSION

We report a PIGN case associated with pneumococcal bacteremic pneumonia and influenza A 
virus infection in a 6-year-old Korean child. In the present case, PIGN developed 3 days after 
the onset of fever. After the use of antibiotics and antiviral agent as well as antihypertensive 
drugs and diuretics, the patient recovered completely from pneumonia and PIGN without 
long-term renal dysfunction.

A total of 11 cases of PIGN associated with pneumococcal infection have been reported in 
the literature; of these cases, eight occurred in children (Table 2). Microscopic hematuria, 
proteinuria, and oliguria were present on admission in all pediatric cases, but hypertension 
was present in only 2 cases. Most cases (6/8) had pneumonia with pleural effusion or 
bacteremic pneumonia, as in this case. Nephritic symptoms, such as hematuria and 
proteinuria, developed within 1 week after the onset of fever in most cases (7/8). In this case, 
nephritic symptoms were observed in the hospital approximately 3 days after the onset of 
fever. Moreover, as seen in this case, the ASO titer was elevated in 5 of 8 previous cases. 
Among them, in two cases, pneumococcal polysaccharide and nephritis-associated plasmin 
receptor (NAPlr) were detected by using an immunofluorescence test.2,3) This possibility was 
not investigated in the present study; however, confirming the deposition of pneumococcal 
polysaccharide or NAPlr through renal biopsy is helpful in the differential diagnosis.

PSGN is caused by glomerular deposition of immune complexes or nephritis-inducing antigens, 
so the serum complement level is commonly decreased.2,10) Additionally, in all previously 
reported PIGN cases associated with pneumococcal infections in children and in our case, serum 
C3 levels were decreased (Table 2). In PSGN, the decrease in complement levels usually returns 
to normal approximately 8 weeks later,11) but it normalized 6 weeks later in this case.

In most PIGNs associated with pneumococcal infection in children, nephritis develops 
within 1 week after fever onset,2-5,7-9) whereas it develops within 1–2 weeks in PSGN cases. 
In patients with PIGN associated with pneumonia caused by other pathogens, including 
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Table 2. Clinical and epidemiological data of patients reported to have post-infectious glomerulonephritis developed with pneumococcal infection in the 
literature and this study
Reference Year Age (yr)/Sex Country Primary infection Interval* Renal biopsy HTN ASO Serotype
Hyman et al.2) 1975 4/F USA Lobar pneumonia, 

bacteremia
2 days Deposition of C3 and 

pneumococcal type 14 antigen  
in mesangium and capillary walls

− Elevated 14

Schachter et al.5) 1987 5/M Israel Lobar pneumonia, 
bacteremia

1 day NC + Normal 5

Wolach et al.6) 1990 3/M Israel Cervical lymphadenitis 12 days NC + Normal 15
Phillips et al.7) 2005 6/F USA Segmental pneumonia, 

bacteremia
7 days NC ? NC 7

Carceller et al.4) 2010 4/M Spain Lobar pneumonia, 
bacteremia

3 days NC − Elevated 17F

Hibino et al.8) 2013 5/F Japan Bacteremia 1 day NC − Elevated 6C
Ismail et al.9) 2014 4/M Malaysia Pneumonia with 

effusion, bacteremia
6 days NC − Elevated NC

Odaka et al.3) 2014 12/F Japan Lobar pneumonia with 
effusion, bacteremia

6 days Deposition of C3c  
in the capillary loops

− Elevated NC

This study 2017 6/M South Korea Lobar pneumonia, 
bacteremia

3 days NC + Elevated 13

All children shown hematuria, proteinuria, and decrease of C3 on admission.
Abbreviations: HTN, hypertension; ASO, anti-streptolysin O; NC, not completed.
*Interval between primary infection and renal symptoms.
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Mycoplasma pneumoniae, the onset of nephritis occurs earlier, within 3 days.4,12,13) This may be 
due to the direct activation of the complement pathway in PIGN associated with bacteremia 
or pneumonia accompanying severe inflammatory reactions.

In this case, influenza A virus was simultaneously detected with pneumococcus as the 
etiology of pneumonia. Therefore, the possibility that influenza A virus caused PIGN cannot 
be excluded. However, only one case of AGN with influenza virus infection has been reported 
in children. A 14-year-old boy who complained of sore throat, flu-like symptoms, and gross 
hematuria was diagnosed with AGN and influenza A H1N1 infection.14) On the other hand, a 
case of AGN with coinfection of influenza virus and pneumococcus or group A streptococcus 
has not been reported yet.

We report a case of PIGN associated with pneumococcal bacteremic pneumonia and 
influenza A virus infection in children. A urine test and measured BP should be considered 
for the early detection of PIGN in children with pneumococcal or influenza A virus infection 
when they present with nephritic symptoms.

REFERENCES

 1. Eison TM, Ault BH, Jones DP, Chesney RW, Wyatt RJ. Post-streptococcal acute glomerulonephritis in 
children: clinical features and pathogenesis. Pediatr Nephrol 2011;26:165-80. 
PUBMED | CROSSREF

 2. Hyman LR, Jenis EH, Hill GS, Zimmerman SW, Burkholder PM. Alternative C3 pathway activiation in 
pneumococcal glomerulonephritis. Am J Med 1975;58:810-4. 
PUBMED | CROSSREF

 3. Odaka J, Kanai T, Ito T, Saito T, Aoyagi J, Betsui H, et al. A case of post-pneumococcal acute 
glomerulonephritis with glomerular depositions of nephritis-associated plasmin receptor. CEN Case Rep 
2015;4:112-6. 
PUBMED | CROSSREF

 4. Carceller Lechón F, de la Torre Espí M, Porto Abal R, Écija Peiró JL. Acute glomerulonephritis associated 
with pneumonia: a review of three cases. Pediatr Nephrol 2010;25:161-4. 
PUBMED | CROSSREF

 5. Schachter J, Pomeranz A, Berger I, Wolach B. Acute glomerulonephritis secondary to lobar pneumonia. 
Int J Pediatr Nephrol 1987;8:211-4.
PUBMED

 6. Wolach B, Uziel Y, Berger I, Pomeranz A. Cat-scratch bacillus and Streptococcus pneumoniae causing 
submandibular suppurative adenitis and acute glomerulonephritis. Child Nephrol Urol 1990;10:158-60.
PUBMED

 7. Phillips J, Palmer A, Baliga R. Glomerulonephritis associated with acute pneumococcal pneumonia: a 
case report. Pediatr Nephrol 2005;20:1494-5. 
PUBMED | CROSSREF

 8. Hibino S, Hoshino A, Fujii T, Abe Y, Watanabe S, Uemura O, et al. Post-streptococcal acute 
glomerulonephritis associated with pneumococcal infection. Pediatr Int 2013;55:e136-8. 
PUBMED | CROSSREF

 9. Ismail IH, Zainudin Z, Othman N. Pneumococcal glomerulonephritis in a healthy child: a case report and 
literature review. Singapore Med J 2014;55:e69-72. 
PUBMED | CROSSREF

 10. Kaehny WD, Ozawa T, Schwarz MI, Stanford RE, Kohler PF, McIntosh RM. Acute nephritis and 
pulmonary alveolitis following pneumococcal pneumonia. Arch Intern Med 1978;138:806-8. 
PUBMED | CROSSREF

 11. Gunasekaran K, Krishnamurthy S, Mahadevan S, Harish BN, Kumar AP. Clinical characteristics and 
outcome of post-infectious glomerulonephritis in children in southern India: a prospective study. Indian J 
Pediatr 2015;82:896-903. 
PUBMED | CROSSREF

122https://doi.org/10.14776/piv.2019.26.e14

PIGN Associated with Pneumococcus and Influenza A Virus Infection

https://piv.or.kr

http://www.ncbi.nlm.nih.gov/pubmed/20652330
https://doi.org/10.1007/s00467-010-1554-6
http://www.ncbi.nlm.nih.gov/pubmed/1094828
https://doi.org/10.1016/0002-9343(75)90636-1
http://www.ncbi.nlm.nih.gov/pubmed/28509278
https://doi.org/10.1007/s13730-014-0149-7
http://www.ncbi.nlm.nih.gov/pubmed/19669797
https://doi.org/10.1007/s00467-009-1288-5
http://www.ncbi.nlm.nih.gov/pubmed/3449471
http://www.ncbi.nlm.nih.gov/pubmed/2285923
http://www.ncbi.nlm.nih.gov/pubmed/16010595
https://doi.org/10.1007/s00467-005-1994-6
http://www.ncbi.nlm.nih.gov/pubmed/24134769
https://doi.org/10.1111/ped.12150
http://www.ncbi.nlm.nih.gov/pubmed/24347037
https://doi.org/10.11622/smedj.2013235
http://www.ncbi.nlm.nih.gov/pubmed/25635
https://doi.org/10.1001/archinte.1978.03630290086030
http://www.ncbi.nlm.nih.gov/pubmed/25893528
https://doi.org/10.1007/s12098-015-1752-0
https://piv.or.kr


 12. Srivastava T, Warady BA, Alon US. Pneumonia-associated acute glomerulonephritis. Clin Nephrol 
2002;57:175-82. 
PUBMED | CROSSREF

 13. Laso MC, Cadario ME, Haymes L, Grimoldi I, Balbarrey Z, Casanueva E. Mycoplasma pneumoniae detection 
with PCR in renal tissue of a patient with acute glomerulonephritis. Pediatr Nephrol 2006;21:1483-6. 
PUBMED | CROSSREF

 14. Jain T, Hemington L, Etuwewe B. A case of post-infectious glomerulonephritis following infection with 
influenza A subtype H1N1. Pediatr Nephrol 2011;26:151-2. 
PUBMED | CROSSREF

123https://doi.org/10.14776/piv.2019.26.e14

PIGN Associated with Pneumococcus and Influenza A Virus Infection

https://piv.or.kr

요약
감염 후 사구체신염(postinfectious glomerulonephritis, PIGN)은 주로 Streptococcus pyogenes에 의해 발생하지만, 다른 병원체
와 관련된 PIGN도 문헌에서 확인된다. 기침, 발열, 우측 흉통을 주소로 내원한 6세 남아에서 폐구균 및 인플루엔자 A 바이
러스의 감염이 확인되었고 항생제와 항바이러스제가 투약되었다. 입원 중 전신 부종, 혈뇨, 단백뇨, 혈압의 상승이 관찰되
었고, 따라서 이뇨제가 투약되었다. 환자는 육안적 혈뇨가 관찰되는 상태로 퇴원하였고, 퇴원 후 14주에 현미경적 혈뇨까지 
사라졌다. 폐구균 또는 인플루엔자 A 바이러스 감염이 확인된 환아에서 신염의 증상이 보이는 경우 감염 후 사구체신염의 
조기발견을 위해 소변검사 및 혈압의 측정이 이루어져야 한다. 본 저자들은 폐구균 및 인플루엔자 A 바이러스에 의한 감염 
후 사구체신염 사례를 경험하였기에 이를 보고하는 바이다.
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