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Goodpasture’s syndrome (GPS) remains a very rare disease entity in the pediatric population characterized by the presence of
pulmonary hemorrhage and rapidly evolving glomerulonephritis. We hereby describe the case of a 2-year-old girl who presented
with renal failure and was diagnosed with GPS. A brief review of the literature in regard to data on demographics, pathogenesis,
clinical features, diagnosis, treatment, and prognosis for renal recovery is also provided.

1. Introduction

Goodpasture’s syndrome (GPS) is a rare and life threat-
ening autoimmune condition with autoantibodies directed
against the glomerular basement membrane (GBM) antigen.
The term GPS refers to the triad of pulmonary hemor-
rhage, glomerulonephritis, and anti-GBM antibodies while
Goodpasture’s disease (GD) is the preferred terminology
in the absence of pulmonary hemorrhage [1, 2]. The term
antiglomerular basement membrane antibody disease (aGD)
describes a patient with serum antibodies against the base-
ment membrane and includes both Goodpasture’s syndrome
and disease.

2. Case Report

A 2-year, 11-month-old Hispanic female presented to her
primary care physician’s office with swelling of the hands and
face following one week of fever, sore throat, and malaise. A
screening urine analysis (U/A) revealed 3+ protein and blood
with numerous red blood cells per high power field. Further
work-up also demonstrated anemia (Hb of 8.5 g/dl) and
several electrolyte imbalances with azotemia (BUN 116mg/dl
and Cr 7.3 g/dl) prompting immediate transfer to our Chil-
dren’s Hospital for further evaluation and management.

On admission, examination revealed a pale child
with bilateral mild pedal edema and blood pressure of
125/71mmHg. She was afebrile, mildly tachycardic, and
saturating at 100% in room air and parents denied any h/o
joint pain/swelling or skin rash. Her urine output was noted
to be darker and less frequent over the past few days.

Past medical history was significant for an admission
about 7 months back with respiratory distress and pre-
sumed pneumonia. Labs at that time were significant for
severe anemia (Hb 6.9 g/dl) and iron deficiency. Initial
chest X-ray showed bilateral diffuse peribronchial cuffing
and nodular opacities with concerns for severe bronchi-
olitis/bronchopneumonia (Figure 1). Patient was started on
empiric antibiotic coverage but respiratory distress worsened
to the point of requiring ventilator support. A work-up at
that time showed elevated erythrocyte sedimentation rate
(113mm/hr) and negative serology for antinuclear antibody.
A respiratory viral pathogen array came back positive for
rhino virus. Patient’s clinical condition continued to deteri-
orate and patient was placed on extracorporeal membrane
oxygenation (ECMO). During this time patient was also
started on high dose methylprednisolone with presumptive
exaggerated inflammatory response to her viral pneumonia
in a bid to reduce inflammation. Patient had a dramatic
response to steroids and was off ECMO in 2 days and off
ventilator support within a week time. A U/A done during
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Figure 1: Chest X-ray on initial presentation.

this past hospital stay showed 1+ blood and no protein and a
chemistry panel showed normal renal function with a serum
creatinine of 0.41mg/dl.

Work-up during this current admission confirmed
anemia (Hb 7.8 g/dl) with a slightly elevated white blood
cell count (10,400/mm3) and platelet count (234,000/mm3).
Serum chemistry panel was abnormal for hyperkalemia
(6mmol/L), metabolic acidosis (Hco3 of 8mmol/L),
hypocalcemia (5.6mg/dl), hyperphosphatemia (8.9mg/dl),
and renal failure (BUN 120mg/dl and Cr 7.01mg/dl).
Further work-up involved evaluation as to identify the cause
of glomerulonephritis and showed normal complement
levels, normal coagulation profile, negative serology for viral
etiology, lupus, andANCA titers. Parathyroid hormone levels
were elevated indicating a state of chronic kidney damage.
ESR was elevated at 24mm/hr but lesser than the prior
admission value of 113mm/hr and a CRP was not checked
during the current admission. Urine protein to creatinine
ratiowas in the nephrotic range and antiglomerular basement
membrane (GBM) titers were sent. Urine output recorded
was between 1.5 and 2ml/kg/hr during the initial few days
but progressively got oliguric (0.3 to 0.5ml/kg/hr) from the
first week onwards. Renal ultrasound showed normal sized
kidneys (right and left kidney around 7.2 cm) with increased
cortical echogenicity bilaterally. A comparison of lab values
during prior hospital stay and current admission is provided
in Table 1.

Patient underwent emergent hemodialysis to correct
electrolyte imbalances. We proceeded with a renal biopsy to
ascertain a tissue diagnosis for the glomerulonephritis. 12
glomeruli were available for light microscopic examination.
9/12 glomeruli showed global sclerosis (Figure 2). Remaining
glomeruli showed cellular to fibrocellular crescents (Fig-
ure 3). The interstitium is involved by a dense inflamma-
tory infiltrate composed of lymphocytes, plasma cells, and
scattered eosinophils. No definite granulomas were identi-
fied. Immunofluorescence showed intense linear glomerular
capillary staining with IgG, Kappa, and lambda chains (Fig-
ure 4). The renal biopsy findings were consistent with anti-
GBMmediated crescentic glomerulonephritis.

Patient was started on high dose methylprednisolone
and plasmapheresis once the biopsy results were consistent
with anti-GBM disease. Anti-GBM titers (IgG antibody) also
came back elevated at 1.1 units (Normal < 1) confirming

Table 1: Comparison of lab values between prior and current
admission.

Labs 10/2015 5/2016
Sodium (mmol/L) 141 137
Potassium (mmol/L) 4.2 6.0
Chloride (mmol/L) 110 113
Carbon dioxide (mmol/L) 21 8
Glucose (mg/dL) 109 97
BUN (mg/dL) 5 120
Creatinine (mg/dL) 0.41 7.01
Albumin (g/dL) 2.9 2.5
Calcium (mg/dL) 9.3 5.6
Phosphorus (mg/dL) 8.9
White blood cell (×103/mcL) 15.84 10.4
Hemoglobin (g/dL) 6.9 7.8
Hematocrit (%) 22.6 23.7
Platelets (×103/mcL) 616 234
Ferritin (ng/mL) 269 267
Iron (mcg/dL) 6 55
Transferrin (mcg/dL) 130 100
TIBC (mcg/dL) Not done 125
% saturation Not done 44
Parathyroid hormone (pg/mL) Not done 1031
C3 (mg/dL) 166 114
C4 (mg/dL) 30 48
ESR (mm/hr) 113 12.5
CRP (mg/dl) 12.5 Not done

Figure 2: Trichrome stain showing global glomerulosclerosis.

the diagnosis. The subtle elevation in anti-GBM titers could
be secondary to the possibility of a serological remission
though chronic damage to the kidneys has already happened
as documented by the amount of fibrosis on renal biopsy.
Unfortunately anti-GBM titers were not checked during the
initial pneumonia like presentation 7 months back which
likely represented the initial acute episode. With every other
day plasmapheresis, anti-GBM titers started trending down
but renal function did not recover. With the extent of global
sclerosis noted in renal biopsy and with the very high PTH
levels, chances for renal recovery remained slim. Rituximab
was used as an alternate immunosuppressive agent instead
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Figure 3: Glomerulus showing intraglomerular sclerosis.

Figure 4: Immunofluorescence showing linear IgG deposits.

of cyclophosphamide taking into consideration the amount
of chronic damage noted on renal biopsy in an attempt to
reduce infectious risk. Patient received a total of 5 sessions of
plasmapheresis with no improvement in renal function and
was transitioned to peritoneal dialysis. During the inpatient
stay she suffered a hypertensive crisis with seizures and the
control of blood pressure required multiple antihypertensive
agents. Anti-GBM titers were periodically monitored by lab
work on a monthly basis and remained negative on main-
tenance immunosuppression with mycophenolate and low
dose prednisone. Patient received a diseased donor kidney
transplant, 2 months back, and is currently doing well with
normal renal function.

3. Discussion

3.1. Epidemiology. GPS is a rare condition occurring in
approximately 0.5 to 1 per million per year in adults and even
more rare in children [3]. According to the United States
Renal Data Registry, incidence of pediatric end stage renal
disease (ESRD) due to this rare entity is only 11-12 per year,
accounting for 0.5% of pediatric ESRD in 2009–2013 [4].
It typically has a bimodal distribution with the first peak
predominantly affecting males in their teens and twenties.
The second peak which happens in older population (>60
years of age) affects male and female equally. GPS is rare
in children, with only about 30 cases being reported in the
pediatric literature, with the youngest reported child being

11 months of age. The previously reported cases of pediatric
Goodpasture’s syndrome over the past 25 years are detailed
in Table 2 [5–13].

3.2. Pathogenesis. The type IV collagen which provides the
backbone for GBM formation is the target for autoantibody
formation and damage in GPS. The type IV collagen has
six genetically discrete chains (𝛼1 to 𝛼6) which are arranged
into triple helical protomers (𝛼1𝛼1𝛼2, 𝛼3𝛼4𝛼5, and 𝛼5𝛼5𝛼6)
of varying composition. The protomer has a 7S domain at
the N-terminal, a collagenous part in the middle, and a
noncollagenous (NC1) domain at the C-terminal [14]. The
final collagen IV network in the GBM is a polymerized mesh
such that the 7S domain forms a tetramer and the NC1
domain forms a hexamer providing the tensile strength to
the basement membrane. 𝛼1𝛼1𝛼2-𝛼1𝛼1𝛼2 is the predominant
collagen prototype in embryonic GBM and a developmental
switch happens to the final adult form of 𝛼3𝛼4𝛼5-𝛼3𝛼4𝛼5
anywhere between 3 months and 3 years of age [15].

The specific target for autoantibody formation in GPS is
the NC1 domain of the 𝛼3 subunit in the C-terminal. The
NC1 domain also acts as the main promoter for collagen
polymerization. The common presence of 𝛼3 collagen in the
basement membrane of both kidneys and lungs explains the
predominant organ involvement in this condition. A trigger-
ing event (upper respiratory infection, smoking, hydrocarbon
exposure, and influenza) in a genetically susceptible individ-
ual causes exposure of the 𝛼3 NC1 domain and subsequent
antibody formation [16, 17]. Strong HLA association with
presence of HLA-DR15 and DR 4 allele in about 80% of
affected individuals confirms a genetic predisposition as is the
case in themajority of autoimmune diseases [18].The absence
of 𝛼3 subunit in younger children (before the developmental
switch) could be attributed to the lesser incidence of aGD in
younger children.

3.3. Clinical Features. Initial presentation of GPS can be
nonspecific and often consists of symptoms such as malaise,
weight loss, fever, and arthralgia [19]. Kidney disease may
occur independently or with pulmonary disease. Renal man-
ifestations vary widely and can range from hematuria and
proteinuria to rapidly progressing renal failure with oliguria,
fluid overload, and severe hypertension. Pulmonary symp-
toms may precede renal symptoms by weeks to months with
hemoptysis being the most common pulmonary manifesta-
tion. Pulmonary bleeding can be occult leading to anemia and
iron deficiency but the usual presentation is with profound
pulmonary hemorrhage causing respiratory failure and death
in a matter of hours. Other organ system involvement is very
rare though cerebral vasculitis with confusion, aphasia, and
seizures has been reported in the literature [20].

3.4. Pathology. The diagnosis of antiglomerular basement
membrane disease is reliant on detection of anti-GBM
antibodies either in circulation or in the tissue by means
of renal or pulmonary biopsies. Serological testing for anti-
GBM antibody titers (IgG1 subclass) usually employs ELISA
methodology. The sensitivity of available commercial kits



4 Case Reports in Nephrology

Ta
bl
e
2:
Pr
io
rr
ep
or
te
d
ca
se
so

fp
ed
ia
tr
ic
G
oo

dp
as
tu
re
’s
sy
nd

ro
m
e.

A
ge

in
ye
ar
s

Se
x

A
nt
i-G

BM
tit
er
s

In
iti
al
cli
ni
ca
lp
re
se
nt
at
io
n

Re
na
lb
io
ps
y

Re
na
lo
ut
co
m
e

Pu
lm

on
ar
y

ou
tc
om

e
Tr
ea
tm

en
t

Fi
na
lo
ut
co
m
e

Re
fe
re
nc
e

4
F

Po
sit
iv
e

Pa
llo

r,
fa
tig

ue
ol
ig
ur
ia
,

pr
ot
ei
nu

ria
,a
nd

m
ic
ro
sc
op

ic
he
m
at
ur
ia

w
ith

do
m
in
an
tr
en
al

in
vo
lv
em

en
t

En
d
sta

ge
gl
om

er
ul
on

ep
hr
iti
s

w
ith

cr
es
ce
nt

fo
rm

at
io
n;

lin
ea
r

de
po

sit
io
n
of

Ig
G

al
on

g
ba
se
m
en
t

m
em

br
an
e

N
o
im

pr
ov
em

en
t

St
ab
le

Pr
ed
ni
so
ne
,

az
at
hi
op

rin
e,
an
d

cy
clo

ph
os
ph

am
id
e

D
ie
d

[5
]

10
F

Po
sit
iv
e

G
ro
ss
he
m
at
ur
ia
,o
lig
ur
ia
,

an
d
ur
em

ia
w
ith

do
m
in
an
t

re
na
li
nv
ol
ve
m
en
t

Pr
ec
ed
in
g
in
fe
ct
io
n
w
ith

st
re
p
th
ro
at

En
do

ca
pi
lla
ry

an
d

ex
tr
ac
ap
ill
ar
y

pr
ol
ife
ra
tiv

eG
N
w
ith

80
%
cr
es
ce
nt
s

Im
m
un

ofl
uo

re
sc
en
ce

co
ul
d
no

tb
ed

on
e

D
ia
ly
sis

de
pe
nd

en
t

w
ith

no
im

pr
ov
em

en
t

St
ab
le

Pr
ed
ni
so
lo
ne
,

az
at
hi
op

rin
e,
an
d

pl
as
m
ap
he
re
sis

Re
m
ai
ne
d
di
al
ys
is

de
pe
nd

en
t

[5
]

7
F

Po
sit
iv
e

D
ia
rr
he
a,
vo
m
iti
ng

,
ol
ig
ur
ia
,a
nd

pa
llo

rw
ith

do
m
in
an
tr
en
al

in
vo
lv
em

en
t

Cr
es
ce
nt
ic
ne
ph

rit
is

w
ith

lin
ea
rI
gG

de
po

sit
io
n

In
iti
al
im

pr
ov
em

en
t

in
ur
in
eo

ut
pu

ta
nd

G
FR

w
ith

su
bs
eq
ue
nt

de
cli
ne

an
d
di
al
ys
is

de
pe
nd

en
ce

St
ab
le

Pl
as
m
ap
he
re
sis
,

pr
ed
ni
so
lo
ne
,a
nd

cy
clo

ph
os
ph

am
id
e

D
ia
ly
sis

de
pe
nd

en
t

[5
]

6
M

Po
sit
iv
e

D
om

in
an
tr
en
al

in
vo
lv
em

en
t

D
ia
gn

os
tic

w
ith

cr
es
ce
nt
ic
ne
ph

rit
is

Im
pr
ov
ed

St
ab
le

St
er
oi
d,

pl
as
m
ap
he
re
sis
,a
nd

im
m
un

os
up

pr
es
sio

n

Re
ga
in
ed

re
na
l

fu
nc
tio

n
[6
]

10
M

Po
sit
iv
e

C
ou

gh
,r
ig
ht

lo
w
er

lo
be

in
fil
tr
at
e,
vo
m
iti
ng

,a
nd

ol
ig
ur
ia
w
ith

do
m
in
an
t

pu
lm

on
ar
y
in
vo
lv
em

en
t

an
d
pu

lm
on

ar
y

he
m
or
rh
ag
e

Cr
es
ce
nt
ic
ne
ph

rit
is

w
ith

ex
te
ns
iv
e

ne
cr
os
is

D
et
er
io
ra
tio

n
in

re
na
l

fu
nc
tio

n
w
ith

di
al
ys
is

de
pe
nd

en
ce

Im
pr
ov
ed

St
er
oi
d,

pl
as
m
ap
he
re
sis
,a
nd

im
m
un

os
up

pr
es
sio

n
D
ia
ly
sis

de
pe
nd

en
t

[7
]

2.
5

F
Po

sit
iv
e

Fe
ve
r,
an
or
ex
ia
w
ith

E.
co
li

U
TI

as
in
iti
al
pr
es
en
ta
tio

n
w
ith

w
or
se
ni
ng

re
na
l

fu
nc
tio

n
an
d
ol
ig
ur
ia

Ex
te
ns
iv
ec

re
sc
en
tic

ne
cr
ot
iz
in
g
ne
ph

rit
is

w
ith

lin
ea
rI
gG

de
po

sit
s

N
o
im

pr
ov
em

en
t

St
ab
le

St
er
oi
d,

pl
as
m
ap
he
re
sis
,a
nd

im
m
un

os
up

pr
es
sio

n
D
ia
ly
sis

de
pe
nd

en
t

[8
]

11 m
o n

th
s

F
Po

sit
iv
e

D
om

in
an
tr
en
al

in
vo
lv
em

en
t

D
ia
gn

os
tic

w
ith

cr
es
ce
nt
ic
ne
ph

rit
is

N
o
im

pr
ov
em

en
t

St
ab
le

St
er
oi
d,

pl
as
m
ap
he
re
sis
,a
nd

im
m
un

os
up

pr
es
sio

n
Re

na
lt
ra
ns
pl
an
t

[9
]

5.
6

F
Po

sit
iv
e

Fe
ve
r,
m
al
ai
se
,a
nd

gr
os
s

he
m
at
ur
ia
w
ith

ra
pi
d

de
cli
ne

in
re
na
lf
un

ct
io
n

D
iff
us
ec

el
lu
la
r

cr
es
ce
nt
ic
ne
ph

rit
is

w
ith

lin
ea
rI
gG

de
po

sit
s

Re
co
ve
ry

of
re
na
l

fu
nc
tio

n
St
ab
le

Pl
as
m
ae

xc
ha
ng

e,
so
lu
m
ed
ro
l,
an
d

Cy
to
xa
n

CK
D
w
ith

sta
bl
er

en
al

fu
nc
tio

n
[1
0]

9
M

Po
sit
iv
e

M
al
ai
se
,a
no

re
xi
a,
an
d

ol
ig
oa
nu

ria
w
ith

pu
lm

on
ar
y
he
m
or
rh
ag
e

N
ot

do
ne

N
ot

im
pr
ov
ed

Pu
lm

on
ar
y

sta
tu
s

im
pr
ov
ed

Pl
as
m
ae

xc
ha
ng

e,
so
lu
m
ed
ro
l,
an
d

Cy
to
xa
n

D
ia
ly
sis

de
pe
nd

en
t

[1
1]



Case Reports in Nephrology 5

Ta
bl
e
2:
C
on

tin
ue
d.

A
ge

in
ye
ar
s

Se
x

A
nt
i-G

BM
tit
er
s

In
iti
al
cli
ni
ca
lp
re
se
nt
at
io
n

Re
na
lb
io
ps
y

Re
na
lo
ut
co
m
e

Pu
lm

on
ar
y

ou
tc
om

e
Tr
ea
tm

en
t

Fi
na
lo
ut
co
m
e

Re
fe
re
nc
e

8
F

Po
sit
iv
e

A
sy
m
pt
om

at
ic
w
ith

pe
rs
ist
en
tn

ep
hr
ot
ic
ra
ng
e

pr
ot
ei
nu

ria
an
d

m
ic
ro
he
m
at
ur
ia

N
o
cr
es
ce
nt
sb

ut
w
ith

lin
ea
rd

ep
os
its

of
Ig
G

Im
pr
ov
em

en
ti
n

pr
ot
ei
nu

ria
w
ith

st
ab
le
re
na
lf
un

ct
io
n

St
ab
le

Pl
as
m
ae

xc
ha
ng

e,
pr
ed
ni
so
ne
,a
nd

or
al

Cy
to
xa
n

A
sy
m
pt
om

at
ic

[1
2]

19 m
on

th
s

M
Po

sit
iv
e

G
ro
ss
he
m
at
ur
ia
,

pr
ot
ei
nu

ria
w
ith

ra
pi
d

de
cli
ne

in
re
na
lf
un

ct
io
n

Cr
es
ce
nt
ic
G
N
w
ith

w
ea
k
gl
ob

al
lin

ea
r

st
ai
ni
ng

of
Ig
G

Im
pr
ov
em

en
ti
n

pr
ot
ei
nu

ria
an
d
re
na
l

fu
nc
tio

n
St
ab
le

Pl
as
m
ae

xc
ha
ng

e,
so
lu
m
ed
ro
l,
an
d

Cy
to
xa
n

A
sy
m
pt
om

at
ic

[1
3]



6 Case Reports in Nephrology

can vary from 63% to 100% underlying the possibility of
missed diagnosis if solely reliant on serological testing [21,
22]. Renal biopsy can help confirm the diagnosis of GPS
and also provides important clues on the amount of chronic-
ity/activity helping to guide treatment. Light microscopy
usually shows crescentic glomerulonephritis but the charac-
teristic linear IgG deposition along the capillary wall is noted
in immunofluorescence microscopy clinching the diagnosis.
Lung biopsy also shows the linear IgG deposits but this
finding is not as constant as in kidney [23].

3.5. Treatment. Early diagnosis is important in terms of
ability to recover renal function. Treatment of choice initially
is plasmapheresis to remove circulating antibodies. The pre-
ferred immunosuppressive therapy includes corticosteroids
and cyclophosphamide to reduce antibody production. Alter-
nate immunosuppressive therapy including rituximab has
been tried in resistant cases [24]. Anti-GBM antibodies are
monitored weekly until two negatives are achieved, at which
time levels are monitored monthly for up to 6 months. Low
dose prednisone, azathioprine, or mycophenolate may be
used for maintenance immunosuppression once remission
is established with cessation of antibody production. If the
antibody titer levels remain positive, the immunosuppression
therapy should be continued [25].

3.6. Prognosis. Unfortunately,many patients die secondary to
pulmonary hemorrhage or renal failure before plasmaphere-
sis and immunosuppression can be initiated. Currently the
mortality rate is 20% in adults and 30% in children. Prognosis
for renal recovery is worse in the presence of oliguria,
presenting creatinine >6.8 or renal biopsy showing >50%
crescent formationwithin glomeruli at time of diagnosis [26].
Evidences of chronic damage as documented by moderate
or severe interstitial fibrosis and global glomerulosclerosis
always carry a worse prognosis. Renal outcome is dependent
on timing of diagnosis with improved outcomes if treatment
is initiated within 4 weeks of renal involvement [27]. Despite
the potential seriousness of lung hemorrhage with increased
fatality, no residual pulmonary deficit or fibrosis is noted
once patient recovers from the acute presentation. Though
rare, recurrence of disease may occur years after initial
presentation.

GPS as a cause of pulmonary renal syndrome in child-
hood remains extremely rare. A review of pediatric cases
in the literature (Table 2) shows a female preponderance
in children in comparison to majority male involvement in
adults. Anti-GBM titers were positive in almost all of the
reported cases. Majority of cases also showed dominant renal
involvement with gross hematuria and oligoanuria being the
most common presentation. Treatment strategies involved
using a combination of steroids, plasma exchange, and
cyclophosphamide in most of the patients. Renal recovery
was noted only in 3/11 patients among whom one had presen-
tationwith nephrotic range proteinuria butwith normal renal
function [8]. The prognosis for renal recovery seems to be
better in the absence of interstitial fibrosis and early treatment
initiation as is noted in the adult literature.

4. Conclusion

In conclusion, GPS is a rare autoimmune condition present-
ing with significant mortality and morbidity in children. We
report a case of 2-year, 11-month-old child who presented
with this condition and the difficulties involved in coming to
an accurate diagnosis. In hindsight, her initial presentation
with pneumonia was likely an occult pulmonary hemorrhage
as documented by the severe anemia and iron deficiency.
Her response to steroids during the initial admission likely
constituted a partial treatment. GPS though rare should be
considered in the differential diagnosis of clinical presenta-
tion with lung and kidney involvement and early diagnosis
and intervention are essential for a favorable outcome.
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