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Introduction: A class of disorders known as inborn errors of immunity (IEI) is defined by a compromised or missing immune
response, which increases the vulnerability to infections, immunological dysregulation, and cancer. Severe combined immunodefi-
ciencies (SCIDs), affecting both T and B-cell function are rare but often severe diseases. In this report, we describe a 10-month-old
SCID patient from Sudan with disseminated BCG infection.

Case Presentation: A 10-month-old boy whose parents were first degree relatives, presented with a six-month history of repeated
chest infections and fever. Physical examination revealed a very ill-looking boy with respiratory distress dependent on oxygen, had
slight abdominal distention and hepatomegaly. Investigations revealed positive polymerase chain reaction (PCR) for M. tuberculosis
complex infection and low CD4+ and CDS8+ cells. Genetic testing showed compound heterozygosity in trans for two variants in the
Zeta-chain Associated Protein Kinase 70 (ZAP70) gene associated with autosomal recessive SCID. The patient was started on BCG-
related infection treatment, intravenous immunoglobulin (IVIG) replacement and trimethoprim/sulfamethoxazole prophylaxis with an
excellent response and the patient responded well to the treatment.

Conclusion: SCIDs are rare, and early management is crucial. In this case, a diagnosis of ZAP70 deficiency was based on next-
generation sequencing and inhouse bioinformatic computational analysis of the ZAP70 gene, highlighting the importance of genetic
testing in the workup of immunodeficiencies in low resource settings.
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Introduction
A group of about 500 uncommon genetic diseases known as inborn errors of immunity (IEI) are defined with impaired
immune systems. These conditions lead to higher vulnerability to infections and other immune-related problems.! Among
these is severe combined immunodeficiency (SCID) caused by an autosomal recessively inherited ZAP70 ((-chain
associated protein kinase 70) deficiency, usually leading to death from severe sepsis by the age of two years.> ZAP70
protein is a cytoplasmic tyrosine kinase which plays an important roles in T-cell receptor (TCR) signaling and function.
ZAP70 deficiency caused by biallelic variants in the ZAP70 gene can lead to a rare form of SCID which is characterized
by anergic CD4+ T cells that are not reactive to mitogens and CD8+ T-cell lymphopenia; however, the clinical
presentation may vary” with recurrent bacterial infections and autoimmune manifestations.

In this paper, we present a rare case of Sudanese male patient with a novel compound heterozygous genotype
resulting in ZAP70 deficiency with a SCID phenotype. He presented with disseminated mycobacterial infection caused
by Mycobacterium bovis from the BCG vaccine.
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Case Presentation

A 10-month-old Sudanese male infant (Figure 1; the proband, IV-8) was brought to our pediatric immunology department with
a history of fever and recurrent chest infections for the past six months. His parents (Figure 1; III-7, III-8) are 1st degree
consanguineous. There is a family history of recurrent chest infections requiring hospitalizations and intravenous antibiotics,
along with recurrent oral thrush. The family reported three infantile deaths due to undiagnosed febrile illness (Figure 1; IV-7,
IV-9, IV-11) as well as recurrent febrile illness with convulsions (Figure 1; [V-4). The proband had received all vaccinations
recommended for his age. On physical examination, he appeared very ill with respiratory distress, and he required oxygen
therapy at five liters/minute via face mask to maintain normal oxygen saturation. The patient’s weight was below the 3rd
percentile, while his height and head circumference were on the 10th and 25th percentiles, respectively. His abdomen was
slightly distended, and hepatomegaly was noted, with a palpable liver at two centimeters below the costal margin. Bilateral
wheezing with poor air entry was noted during chest examination. Examination of the BCG vaccine site revealed a discharging
sinus with an enlarged axillary lymph node on the same side, measuring 3 x 2.5 cm; chest X-ray showed bilateral pneumonic
infiltrates, while abdominal ultrasound was normal apart from an enlarged liver.

Investigations

The possibility of disseminated BCG infection with probable immunodeficiency was discussed as a potential diagnosis for this
patient. Smears from gastric lavage fluid were collected over two consecutive days, were negative for acid-fast bacilli.
However, the fine needle aspiration cytology (FNAC) tissue (lymph-node) displayed caseating granuloma, and both blood and
sputum polymerase chain reaction (PCR) using two primers (IS6110 & mtp40) were positive to M. tuberculosis complex, most
likely M. bovis based on the patient’s history and examination findings. Further workup revealed a normocytic-normochromic
red blood cell count of 8.9 g/dL, and Immunophenotyping analysis is shown in (Table 1).

Materials and Methods

A blood sample from the patient was sent for the INVITAE platform to test for 429 genes in the primary immunodeficiency
(PID) panel using Illumina technology. This comprehensive genetic testing panel was used to identify various genetic variants
associated with SCIDs. Protein functions were predicted in response to missense variants using the SIFT, PolyPhen-2, and
Align-GVGD algorithms. After the result emerged, we mutated the normal-human ZAP70 protein obtained from uniport
(https://www.uniprot.org/uniprotkb/P43403/entry) with the ZAP70 variants identified in the patient’s result, here, we created

a comparative bioinformatic analysis, and 3D homology modeling of ZAP70 protein structures using SWISS-MODEL
(https://swissmodel.expasy.org), while Chimera 1.16 software was used to visualize the protein and its affected domain, and

the mutated protein sequence was illustrated and compared to wild type using Jalview 2.11 software.
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Figure | This pedigree displays four generations of relations to the patient who is indicated with the black arrow in IV-8. The family reported three infantile deaths due to undiagnosed
febrile illness (IV-7, IV-9, IV-11), IV-4 has recurrent febrile illness with seizures. The pedigree shows six consanguineous marriages one in the first generation (I-1 and I-2), and five in the
third generation (lll-1 and l1I-2), (lll-3 and 1l-4), (Ill-7 and 111-8), (ll-10 and llI-1 1), and (lll-12 and Ill-13). This pedigree is created using (https://progenygenetics.com) website.
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Table | This Tables Shows the Hematological and
Immunophenotyping Results for the Patient

Test Patient Result | Normal Range

Hematological results

White blood cells 6.8 4.0-7.0 (10°/uL)
Hemoglobin 8.9 11.3-14.1 g/dl
Absolute neutrophils count | 2.2 1.8-7.6 (10°/uL)
Monocytes count 1.65 0.33-1.21 (10%/uL)
Absolute lymphocyte count | 2900 4000-10,500 mm3
Platelets 822 150450 (10°/uL)

Flow cytometry results

Total CD3 1400 1900-5900 cells/cmm
CDh4 1000 14004300 cells/cmm
CcD8 375 5001700 cells/cmm
CDI9 671 600-2600 cells/cmm
CDIé6 110 160-950 cells/fecmm
CD4-ve/CD8-ve % 3 N/A

Genetic Results

The panel test result reported 17 gene variants of uncertain significance (VUS), including compound heterozygous
(trans) missense variants in exons 7 and 8 of ZAP70 (c.833C > T, p.Thr278lle, and ¢c.871G > A, p.Gly291Arg,
respectively), both are affecting interdomain B region of the protein (Figures 2 and 3). These ZAP70 variants are on
opposite chromatids and are associated with autosomal recessive SCID (MedGen UID: 376544). Accordingly, we

Interdomain A Interdomain B
- N-SH2 C-SH2 Kinase =
260 278 291 320
v ' ' v
Wild type SNASGAAAPTLPAHPSTLTHPQRRIDTLNSDGYTPEPARITSPDKPRPMPMDTSVYESPYS

Exon 7, 7c.833CT (p.Thr278lle)* o Ao GAAAPTLPAHPSTLIHPQRRIDTLNSDGYTPEPARITSPDKPRPMPMDTSVYESPYS

Exon 8, ¢.871G>A (p.Gly291Are)" o \GGAAAPTLPAHPSTLTHPQRRIDTLNSDRYTPEPARITSPDKPRPMPMDTSVYESPYS

Figure 2 This is a schematic structure of the affected sites of ZAP70 protein. ZAP70 protein domains are the amino-terminal SH2 domain (N-SH2), interdomain
A, carboxy-terminal SH2 domain (C-SH2), interdomain B and lastly the kinase domain of the protein. The tandem SH2 domains interact with the doubly phosphorylated
tyrosine-based activation motif of CD247/CD3Z. Also, both mutations in this case occur in the interdomain B. The interdomain B region contains three tyrosine (Tyr-292,
Tyr-315, Tyr-319) that are phosphorylated after T cell receptor activation. Interestingly, (p.Gly291Arg) mutation is immediately next to Tyr-292 and it may impact the ZAP70
protein as resulted in this case, notable (p.Thr278lle) and (p.Gly29|Arg) mutations are on opposite chromosomes.
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Figure 3 This is a molecular visualizations of ZAP70 protein implicated in this case, (A) shows the c¢.87 1 G>A (p.Gly291Arg) mutation. (B) shows 7¢.833C>T (p.Thr278lle)
mutation. The (W) letter represent the wild type while (M) represent mutant type in both figures. Due to mutations, amino acid hydrophobicity may changed in the ZAP70
protein, and it is shown next to the amino acid in both figures. Notably, from SIFT, Align-GVGD, and PolyPhen-2 algorithms, only the later predicted that (p.Gly291Arg)
mutation is “Possibly Damaging”, and also predicted that other mutation is “Benign”. We created this illustration using Swiss-MODEL (https://swissmodel.expasy.org) and
Chimera 1.16 software after mutating the ZAP70 with the patient’s ZAP70 mutations.

proposed a diagnosis of ZAP70 deficiency based on compound biallelic variants affecting the ZAP70 gene, which was
confirmed by platform-targeted exome sequencing and computational analysis of the gene.

The first sequence change replaces threonine, which is a small polar, neutral side chain, with isoleucine: a non-polar,
large, aliphatic, and hydrophobic amino acid (p.Thr278lIle). This variant is exceedingly rare in population databases
(Figures 2 and 3A). The second variant causes a replacement of glycine, which is a non-polar tiny amino acid with no
side chain, with arginine: a basic, polar, large amino acid with a positively charged side chain, at codon 291 of the ZAP70
protein. This variant is unavailable in population databases (gnomAD AF 0) and may disrupt the consensus splice site
(Figures 2 and 3B).

The American College of Medical Genetics (ACMG) verdicts for both variants are uncertain significance, since no
ZAP70 deficiency patients have been reported with them, and there is no functional evidence of pathogenicity; however,
the patient’s clinical phenotype is consistent with ZAP70 deficiency. Moreover, the panel identified other heterozygous
genetic mutations in several genes including C8B, CD59, CR2, CTCI, DEF6, DOCKS, DUOX2, LYST, MCM4, PARN,
UNCI13D, and ZNF341, also, the patient has hemizygous G6PD and TLR7 variants. However, aside from the ZAP70
variants, the remaining genetic variations are VUS and do not align with the patient’s clinical phenotypes.

Treatment

The patient was initiated on a combination therapy of Isoniazid, Rifampicin, and Ethambutol with Levofloxacin, as well
as on regular intravenous immunoglobulin (IVIG) replacement and Trimethoprim/sulfamethoxazole prophylaxis, which
led to excellent response and good weight gain. The patient now is free from infections and is planned for 36 months of
BCG-related infection treatments.
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Discussion

In this work, we describe a case of an infant male, with exceedingly rare biallelic missense variants in the ZAP70 gene,
consistent with an early history of BCG-osis and CD8+ lymphopenia. The tyrosine kinase enzyme ZAP70 has a crucial role in
TCR signaling. Upon TCR activation, ZAP70 is recruited to the TCR complex and phosphorylates several downstream
signaling molecules, including the adaptor protein LAT (linker for activation of T cells),* which recruits and activates other
downstream signaling molecules such as PLC-gamma-1 and SLP-76. These signaling pathways ultimately lead to the
stimulation of transcription factors such as NFAT and AP-1, which regulate the expression of genes involved in T-cell
activities.

The function of ZAP70 in T-cells is critical, studies have shown that mice deficient in ZAP70 have severely impaired T-cell
function, leading to immunodeficiency.™® In humans, mutations in the ZAP70 gene have been related to SCID.’
Firstly, identified in Mennonite families, ZAP70 pathogenic mutations later emerged in individuals from
Portuguese, Japanese, Hispanic, and Turkish origins.®”'' Moreover, the ZAP70 protein has three domains and two inter-
domains shown in Figure 2, according to a recent meta-analysis, most of the Z4P70 gene mutations occur in the kinase domain
but without clear hotspot through the gene.'> Here, we report the first Sudanese patient with two mutations on opposite
chromosomes both are affecting interdomain B region of the ZAP70 protein. This domain is critical as it contains three
tyrosine residues (Tyr-319, Tyr-315, and Tyr-292) (Figure 2) that are phosphorylated upon T-cell activation by an antigen.
These sites are also involved in binding to the other signaling molecules like VAV 1 or CBL, thus the ZAP70 protein functions
as a scaffold by calling and recruiting more factors for T-cell receptor stimulation."?

The clinical presentation of ZAP70 deficiency varies considerably depending on the underlying genetic defect, its
degree of penetrance, and the severity of immunodeficiency. In low-income countries (LICs) such as Sudan, diagnosing
ZAP70 deficiency is challenging. The initial steps in the diagnosis of IEI involve assessing a complete blood count,
serum immunoglobulin levels, flow cytometric, analysis of peripheral blood lymphocytes, and T-cell responses to
mitogens in vitro.'*'> Low CD8 T-cells in the bloodstream, despite normal or slightly reduced levels of total T-cells,
along with a healthy count of peripheral blood lymphocytes, may indicate a diagnosis of ZAP-70 deficiency. Still, genetic
testing is required to confirm the genetic defect.'*

Additionally, analyzing the levels of T-cell receptor excision circles (TRECs) can be insightful, as these levels tend to
decrease over the first year of life in individuals with this condition.®'® The absence of T-cell proliferation in response to
TCR-mediated stimuli, including phytohemagglutinin (PHA), CD3 monoclonal antibody, or alloantigen in mixed lympho-
cyte culture, is indicative of a cellular immunodeficiency and can be used to confirm the diagnosis. IgM and IgA levels
remain normal, whereas serum IgG may either be normal or decreased in patients with ZAP-70 deficiency.® *'” Here, we
report similar findings as IgM and IgG levels were normal in this patient. Also, ZAP70 protein expression by immunoblot is
useful for diagnosing this condition. cDNA or genomic DNA sequencing can identify pathogenic variants in the ZAP70
gene and further validate the diagnosis,'® because, most of these diagnostic tests are unavailable in Sudan, a collaborative
approach is imperative by establishing partnerships between high-income countries with advanced genomic facilities is
a feasible solution in the future. Lastly, in infants with a family history of SCID, BCG vaccination can cause disseminated
disease; therefore, studies recommend newborn screening, and delaying BCG vaccination until SCID is ruled out.'”? The
limitation of this report, in addition to being a single case, is a lack of functional validation assays, unavailability of ZAP70
protein expression tests and lack of parent genetic testing.

Conclusion

The risks and benefits of BCG vaccination should be evaluated in patients with suspected SCIDs. Genetic diagnosis is
important for IEI patients in LICs, particularly for major decision such as bone marrow transplant in such patient(s) and
for family counseling and early screening or diagnosis.

Data Sharing Statement

Data that support this case presentation are available upon contacting the corresponding author.
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