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An Infant with Respiratory Distressand L oose Stools
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We present the case of a 3-month-old girl who was admitted with complaints of loose stools and respiratory distress. She also had a
history of rash and alopecia. Laboratory investigations revealed lymphopenia with reduced immunoglobulin G and immunoglobulin A.
Lymphocyte subset analysis by flow cytometry revealed T-B+NK+ severe combined immunodeficiency (SCID). She died due to severe
pneumonia, shock and pulmonary hemorrhage. Autopsy findings revealed disseminated cytomegalovirus infection in the lung, liver,
adrenals and heart. Thymus was found to be dysplastic and showed characteristic histopathologic features of SCID.
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CLINICAL PrROTOCOL

History: A 3-month-old girl, product of 3rd degree
consanguineous marriage presented with history of
generalized, erythematous, maculopapular rash all over
body that developed at one month of age. Rash was
associated with skin peeling and it resolved
spontaneously in one month. She subsequently had
progressiveloss of scalp hair and eyebrows. She also had
bilateral purulent ear discharge since the age of 2 months
associated with cough, respiratory distress and loose
stools. Child wasadmitted twicefor these complaintsina
nearby hospital and was managed with IV antimicrobials.
She had received BCG vaccination at 1 month of age,
however, she devel oped no reaction at the BCG site.

Clinical examination: She had tachycardia (heart rate
150/minute), tachypnea (respiratory rate-62/minute),
pallor, alopecia with loss of eyebrows (Fig. 1), skin
peeling in the left axilla, no BCG scar, coarse crepitation
in bilateral chest and hepato-splenomegaly. Initia
clinica possibilities were Human Immunodeficiency
Virus  (HIV) infection, Severe  Combined
Immunodeficiency (SCID) with maternal engraftment,
congenital Cytomegalovirus (CMV) infection and
Langerhanscell histiocytosis.

Laboratory investigations: She had anemia(hemoglobin-
83 gm/L), lymphopenia (white cell count 16.3x10%L,
differential counts P,4L,cM;, absolute |ymphocyte
counts 2.6x109L), transaminitis (alanine
aminotransferase 94 |U/L and aspartate aminotransferase
303 IU/L), and a high C-reactive protein (39.6 mg/L).
Serid arterial blood gasanalysisreveal ed hypoxemiaand
hypercarbia. Chest X-ray revedled bilateral non-
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homogeneous opacities predominantly distributed in the
peri-hilar region. (Fig. 1b). Ultrasound abdomen showed
ileo-ileal intussusception. Contrast enhanced Computed
Tomography (CECT) chest revealed multiple bilateral
pulmonary nodules with consolidations. Human
immunodeficiency virus (HIV) serology was non-
reactive, Fine needle aspiration cytology from axillary
lymph node showed reactive lymphoid hyperplasia,
gastric lavage for acid fast bacilli and pneumocystis
jiroveci stain was negative, serum galactomannan index
was elevated (5.8, norma <0.5), blood culture was
sterile, IgM Cytomegal ovirus (CMV) serology and CMV
DNA PCRwaspositive.

Immunological investigations (Table 1): She had
undetectable IgG and IgA and normal IgM; nitroblue
tetrazolium (NBT) dye reduction test and

FiG. 1 Alopecia over left fronto-parietal region and loss of
eyebrows (arrows) (a); chest X-ray (anteroposterior view)
showing interstitial pattern of infiltrates in both lungs,
predominantly perihilar. Homogenous opacity in right upper
lung fields and absent thymic shadow (b).
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TABLE | LABORATORY INVESTIGATIONS OF INDEX CASE

Investigation Results Normal
reference

range

1gG (mg/dL) <201 240-880
1gA (mg/dL) <17 10-50
IgM (mg/dL) 90 20-100
CD3+Tcells 32.68% 51-77.6%
CD19+Bcdls 29.79% 11-41%
CD16/56+ NK cells 33.41% 3-14%
CDA45RA expressionon CD3+T cells 2.23% 67.83%
CD45R0 expressionon CD3+T cells 94.7% 31.18%
CD45RA expressionon CD8+T cells 5.18% 74.54%
CDA45R0 expressionon CD8+T cells 93.6% 22.35%
CD-127 (IL-7Ro) expressiononCD3+  16.5% 53.95%

T lymphocytes (normal control)

dihydrorhodamine 123 (DHR) assay were normal;
lymphocytes subsets showed reduced CD3+ T cells (32%
of all lymphocytes), normal CD19+ B cells (29% of all
lymphocytes) and normal CD56+ NK cells (39% of al
lymphocytes); CD 127 (IL-7Ra) expression was reduced
(Web Fig.1a and 1b); CD45RA expression on CD3+T
cells and CD8+T cell was reduced suggestive of low
naive T cells; CD45R0O expression on CD3+T cells and
CD8+T cells was elevated suggestive of increased
memory T cells(likely to be of maternal origin).

Course and management: Child was administered
intravenous ceftriaxone and cloxacillin, however,
antimicrobial swere upgraded to vancomycin, imipenem,
cotrimoxazole, amphotericin B and anti-tubercular
therapy (ATT). ATT wasinitiated empirically asthe child
had received BCG vaccination at birth and pneumonia
could be a manifestation of disseminated BCG disease
[1]. Oxygen therapy was administered through nasal
prong oxygen initially but on 6™ day of hospital stay,
child was intubated and kept on manua intermittent
positive pressure respiration. Shewas also given 5 grams
of intravenous immunoglobulin (IVIG); fluid bolus and
inotropes (dopamine and dobutamine) for shock and
irradiated packed cell transfusion. She also developed
pneumothorax requiring intercostal drainage tube and
massive pulmonary hemorrhage leading to cardiac arrest
and death.

Unit's  final diagnosis: Severe  combined
immunodeficiency (T-B+NK+) with IL-7R alpha
deficiency with maternal engraftment, severe pneumonia,
sepsis, septic shock and pulmonary hemorrhage.
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Discussion

Clinical discussant: We have a 3-month-old girl with
history of consanguinity presenting with rash, alopecia,
skin peeling, otitis media, pneumonia, loose stools and
intussusception. She had anemia, lymphopenia,
transaminitis, elevated galactomannan index, positive
CMV DNA PCR, multiple pulmonary nodules on CT
chest, low immunoglobulins, T-B+NK+ phenotype on
lymphocyte subsets, low naive T cells and reduced IL-
7TRoexpressionon T cells.

Case analysis can be discussed with respect to the
underlying disease; the etiology for pneumonia; the cause
for Intussusception; and theterminal events.

The clinical presentation is suggestive of an
underlying immune defect. After ruling out HIV
infection, the most likely underlying diagnosisis SCID,
as she was born to a consanguineously married couple
and presented within thefirst 2 months of agewith severe
pneumonia, otitis media, alopecia (likely due to maternal
engraftment), and absence of BCG scar. Laboratory
investigations revealed lymphopenia, hypogamma-
globulinemia, low CD3+ T cells, naive T cells and
absence of thymic shadow on chest X-ray. Shefulfillsthe
European society of immunodeficiency (ESID) registry
working definition for clinical diagnosisof SCID.

SCID has four phenotypes based on the presence or
absence of B and NK cells (T-B-NK+; T-B-NK-; T-
B+NK-; T-B+NK+). Our child had T-B+NK+ phenotype
and she a so had reduced expression of IL-7Ro.

She had features of maternal engraftment (i.e.
presence of maternal T lymphocytes in the circulation
leading to manifestations that are like graft versus host
disease). Most common manifestation of materna
engraftment is skin involvement with eczema, erythema,
alopeciaand skin peeling; followed by liver involvement
(with mild to moderate elevation of liver enzymes) and
gastrointestinal tract involvement (diarrhea). Index child
has history of generalized erythema and peeling of skin
and alopecia. Shealso had elevated liver enzymes.

The etiology for pneumonia is likely to be
polymicrobial. Invasive funga infection can be
considered in view of positive serum galactomannan
index, CMV can be considered in view of positive CMV
DNA PCR in the blood and suggestive radiological
findings. Pneumocystis jiroveci pneumonia can also be
considered in view of radiological findings. As she
received BCG vaccination, so a possibility of
disseminated BCG infection with pneumoniacan also be
considered.
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Shealso had intussusception as evident on ultrasound
of the abdomen. The intussusception in this age group
would most likely berelated to infectionswhich could be
a viral or bacteria infection. In the index child,
Mycobacteriumbovisand CMV can be considered. BCG
infection leading to recurrent intussusception has
previously beenreportedin SCID [2].

The cascade of terminal event can be summarized as
SCID leading to severe pneumonia and polymicrobial
sepsis that has led to multiorgan dysfunction and
pulmonary hemorrhagefinally causing shock and death.

Therefore, the final diagnosis is severe combined
immunodeficiency (T-B+NK+ phenotype with IL-7Ro
deficiency) with pneumonia (CMV, Aspergillus,
Pneumocystis jiroveci), pulmonary hemorrhage and
intussusception (Mycaobacteriumbovisor CMV)

Senior resident of the treating unit: The diagnosis of
SCID is not in doubt here and other differentias
diagnosis that were considered can easily be excluded
based on the immunological investigations. | expect
severe depletion of T cells in the thymus; changes of
GVHD inskinand gut and CMV or Mycobacteriumbovis
inlungsand gastrointestinal tract.

Physician 1: Was fundus checked in the index case to
look for evidence of CMV retinitis?

Senior resident of the treating unit: The fundus
evaluation was done and there was no evidence of CMV
retinitis.

Pediatrician 1. Mycobacterium bovis infection
secondary to BCG vaccination often produces skin
lesions and fine needl e aspiration from these skin lesions
canyield acid fast bacilli (AFB). However, therewereno
skinlesionintheindex child. Gastric lavagefor AFB was
negative. However, it isnot alwaysnecessary tofind AFB
on gastric lavage. Index child had alopecia and loss of
eyebrows that was suggestive of maternal engraftment or
Omenn syndrome.

Pediatrician 2: The syndrome of SCID should be
suspected if the child presentswithin thefirst few months
of life with rash and polymicrobial sepsis which is not
responding to antimicrobials. If hemogram shows
lymphopenia as in the index child, SCID should be
considered. The phenotype of SCID can be evaluated
with the help of flow cytometry. Index child had an
unusual phenotypei.e. T-B+NK+.

PAaTHOLOGY PrOTOCOL

A complete autopsy was performed on this 3-month-old
girl. The peritoneal cavity revealed ascites with 270 mL
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of straw-colored fluid. The other serous cavities were
withinnormal limits.

Thymusweighed 2 g (normal weight for thisageis 3
g) and revealed maintained lobular architecture on gross
examination. However, on microscopy cortico-medullary
distinction was lost and there was absence of Hassall’s
corpuscle. These features are consistent with thymic
dysplasia. CD3 immunostain revealed reduction in T-
lymphocytes, however, thethymocyteswere preserved as
highlighted by pan-cytokeratin (Web Fig. 2a-d).

All sampled lymph nodes showed depletion of
lymphoid population. T cell zones i.e. paracortical and
interfollicular regions showed reduction in T
lymphocytes as highlighted by CD3. CD20 performed
revealed normal population of B lymphocytes (Web Fig.
2e-g). Peyer’s patches were hypertrophic with relative
preservation of B cell zone (Web Fig. 2h). However,
there was marked reduction of T cell zone. Spleen
weighed 20 g (normal for thisageis 25 g). On histology,
there was mild congestion of the red pulp with
preservation of B cell zone and relative reduction of
periarteriolar T cell zone.

Both the lungs were heavy (weight 250 g) with dull
pleural surface. Many subpleural noduleswereidentified.
The cut surface showed diffuse areas of hemorrhagic
consolidation in all the lobes, bilaterally. Tracheo-
bronchial tree was unremarkable. Microscopically, there
was interstitial widening with mild lymphomononuclear
infiltrate along with many large cells protruding into the
aveolar lumen. Many cytomegalovirus inclusions
(CMV) were noted within alveolar pneumocytes and
endothelial cells. These cellsdemonstrated nucleomegaly
aong with presence of basophilic to amphophilic
inclusionsinthenucleusand aperinuclear halo (Web Fig.
2i). Immunostaining for CMV revealed the burden of
infection. Similar inclusions were also noted in the
bronchial epithelia cells and endothelial cells of blood
vessels. Adjacent areas of lung parenchyma showed
diffuse alveolar hemorrhages and focal hyaline
membrane formation. No granulomaswereidentified and
Ziehl-Neelsen stain for acid fast bacilli (AFB) was
negative. PAS stain performed did not reveal any fungal
hyphae and gram’s stain performed did not revea any
micro-organisms.

Adrenals examined showed foci of necrosis with the
presence of CMV inclusions within the necrotic foci.
Heart (weight 30 g) was unremarkable grossly. However,
few endothelial cells with the interstitial vessels in the
myocardium showed presence of CMV inclusion which
was confirmed on immunohistochemistry. Liver (weight
450 g) was unremarkable on gross examination. Cut
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surface was pale yellow to greasy in appearance. On
microscopy, diffuse macrovesicular  steatosis
predominantly involving the zone 1 and zone 2 areaswith
relative preservation of zone 3 hepatocytes was noted.
Few scattered CMV inclusions were aso noted in the
Kupffer cells of the sinusoids which was confirmed on
immunohistochemistry. Rest of the organs including
brain, kidneys, bone marrow, stomach, esophagus, skin,
thyroid, skeletal muscle were unremarkable grossly and
microscopically.

Final autopsy diagnosis:
* Thymicdysplasia

» Disseminated CMV infection — Lung (predominant),
Adrend, Liver, Heart

» Macrovesicular steatosis
» Intussusception of small intestine

Senior resident of the treating unit: There is perfect
correlation between flow cytometry reports and
pathology findingsin lymph nodes. B cells were present
in the flow cytometry report and were also found in the
lymph nodes. In many types of SCID, the B cells are
absent in blood and there we see depletion of B cell zone
in the lymph nodes. Was any organism isolated at the site
of intussusception?

Pathologist 1: No organism was seen at the site of
intussusception. The intussusception was likely due to
hyperplasiaof Peyer’spatches.

Physician 1: Was flow cytometry analysis done for the
parent’s sample and were parents counselled about future
pregnancies.

Senior resident of the treating unit: Flow cytometry
analysis of parent’s sampleisnot usually donein cases of
SCID. Molecular analysiswill be donefor both child and
parents. Parents have been advised to avoid further
pregnancy till the genetic confirmation, following which
aprenatal diagnosiswill beoffered.

Pediatrician 3: Thisis an autosomal recessive SCID and
parentsarelikely to bethe carriers. So, flow cytometry is
not useful in diagnosing carrier status which can only be
diagnosed with molecular analysis.

Pathologist 2: In the year 1980s, these types of cases did
not fit into any clinical diagnosis, theseinfants will have
infectionslike CMV, PCPwith hypogammaglobulinemia
and lymphopenia. However, the level of investigations
was not as extensive as they are now. One thing that was
pursued extensively at that time was the possibility of
AIDS. Extensiveinvestigationswere done on thymusand
lymphoid system. Serial sections of thymus were done
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which demonstrated isolated Hassall’'s corpuscles and
normal blood vessdls. In thymic dysplasia thymus are
abnormally small with small blood vessels, lobules are
shrunken and no lymphoid tissue in cortex and medulla
whichareclassical of SCID.

Pathologist 1: Lymphoid cellsin the thymus were due to
maternal engraftment and it is difficult to differentiate
lymphoid cells from maternal origin or from the child.
CMV infection ismost likely acquired as the major bulk
of CMV diseasewasinlungand notinliver.

Discussion

SCID is the most severe form of combined
immunodeficiency with an estimated prevalence of 1in
58,000 live births [3]. It is characterized by ablock in T
lymphocyte differentiation and variable depletion of B
and NK cells depending on the subtype of SCID [4,5].
Therearefour major subtypes of SCID based on presence
or absence of B or NK cells. The index patient had T-
B+NK+ SCID. Thiscan be caused by mutationin IL-7Ro
or CD45 gene. Index patient had reduced expression of
IL-7Re. SCID due to mutation in IL-7Re gene accounts
for approximately 10% of all cases[6].

Children with SCID often present with recurrent
infections with an onset before the age of 6 months. Oral
candidiasis, persistent diarrhea, pneumoniaand failureto
thrive are the most common presenting manifestations.
There are no mgjor differences between various subtypes
of SCIDs in their initial presentation; however, ADA
deficiency SCID tends to have severe lymphopenia
(<0.5x10%L) and hence very ealy and severe
presentation. Common opportunistic organisms seen in
these patients are Pneumocystisjiroveci, Aspergillus sp.
and Cytomegalovirus. Mgjority of children diewithinthe
first 2 years of lifeif not treated adequately. Respiratory
tract infections are common in patients with SCID and
CMV pneumonia may be the first presenting
manifestation[7]. A persistent CMV respiratory infection
may beclinically or radiol ogically indistinguishablefrom
other respiratory viral infections. Index patient had
intergtitial infiltrates on chest radiograph and positive
CMV DNA PCR in blood and autopsy revealed CMV
infection in lung as well as in liver, heart and adrenal
glands.

In amost all subtypes of SCID, thymus is usually
atrophic [8] and poorly visualized on a chest radiograph
[9] as was seen in the index patient aso. The
histopathology of thymus in SCID demonstrates
depletion of lymphocytes and lack of differentiation of
thymic epithelium. Poor differentiation of thymic
epithelium is responsible for the absence of Hassal's
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corpuscles and is on one of the most important
histopathological feature of SCID [10]. Thymic
epithelium has very important role in the normal
differentiation of T-cell population and due to thymic
dysplasiain SCID, T-cell differentiationisimpaired [11].

Intussusception can have variable etiology (i.e. viral,
bacterial or protozoal infections and benign or malignant
tumors). As compared to adults in whom a definite lead
pointisoftenfound, itisrather uncommontofind acausein
children. Hyperplasia of Peyer’s patches may be seen in
upto athird cases of idiopathic intussusception[12]. Index
patient also had similar pathology at the site of
intussusception.
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Data Set 3: CONTROL CD127 0312201

Data Set 1 Patient CD127 03122016
CD127 00005111 2016-12-03 1256 CD127 00005113 2016-12-03 1200 I
[M] FL6 CD 127 APC [M] FL& CD 127 APC

Count

Count

1F 10 107
FL& CD 127 APC

Q

10° 10" 10°

FL& CD 127 APC

WEB FiG. 1 Flow cytometry for study of expression of CD127 (IL7R) on gated CD3+ T lymphocytes reveals 53.95% cells showing

expression of CD127 in control (a) and only 16.50 % cells showing expression in patient (b) thus suggestive of reduced CD127
expressionin patient ascompared to control.

WEB FIG. 2 (a): Low power magnification of thymus depi cting | oss of corticomedul lary distinction (H& E x 100); (b): Epithelial cells
of thymus present in diffuse sheets with absent Hassall’s corpuscles (H& E x 400); (c): CD3 immunostain highlights depleted T cell
population (immunoperoxidase x 400); (d): Pan-cytokeratin stain highlights preserved thymocytes (immunoperoxidase x 400); (e-f):

Microscopic picture of lymph node showing well maintained B cell zone (H& E x 100); (f): CD3 immunostain depicting reductionin
interfollicular and paracortical T-cells (immunoperoxidase x 400); (g): CD20 immunostain depicting preserved B cell

(immunoperoxidase x 400); (h): Microscopic picture of small intestine showing hyperplasia of Peyer’s patches (H& E x 200); (i):

Numerous CMV inclusionslining thealveolar epithelial cells(H&E x 400).
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