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Abstract: Acute lymphoblastic leukemia (ALL) in pregnant women is rare experience, but it can complicate the gestation by increasing the risk of
miscarriage and premature birth. However, the adequate carrying of the pregnancy is possible for women who suffered from leukemia in childhood
and achieved the remission during the treatment. Furthermore, there are some facts about the possibility of immunosuppression in children whose
parents suffer from various immunodeficiency disorders, including ALL. This clinical case demonstrates the importance of correct diagnostics in order
to reveal the congenital pathologies of the immune system in children, whose parents suffered from lymphocytic leukemia, even in case of full clinical
and laboratory remission for a significant period of time. In the hospital, the thread metric approach was used for sepsis diagnostics. Conducted
treatment was ineffective due to the inadequate immune response in the child and lack of the targeted adjusted measures to immunodeficiency
disorder. The present case demonstrates the congenital T-cells immunodeficiency in a child who was complicated by the development of acute
ulceronecrotic enterocolitis after vaccination. The treatment that was targeted mainly at the agent eradication did not give the desired results due to
non-responsiveness of the immune system of the child.
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Introduction

Acute leukemia is a general malignant disease of hemato-
poietic system that is characterized by clonal proliferation
of dedifferentiated, but functionally active progenitor
cells and infiltration in various tissues and organs
[1, 2]. Furthermore, although different types of leukemia
are distinguished according to the type of tumor cells,
acute lymphoblastic leukemia (ALL) (the incidence is
1.28 per 100,000 individuals) is the most common
among them [3, 4]. According to the world literature,
this nosology is found predominantly in children aged
between 2 and 5 years, but can also occur in older age.

Although ALL refers to dangerous diseases, the survival
rate is about 80% in case of appropriate treatment [5].

Inheritance, impact of physical factors, chemical muta-
gens, and carcinogen viruses are among the main etio-
logical factors of ALL [6, 7]. In majority of the patients,
the clinical picture of ALL is specified by tumor infiltra-
tion and dysfunction of the affected organs. Thus, the
following syndromes can be distinguished: toxic, hyper-
plastic, immunodeficiency, hemorrhagic, and anemic [8].

ALL in pregnant women is rare experience, but it can
complicate the gestation by increasing the risk of miscar-
riage and premature birth. However, the adequate carry-
ing of the pregnancy is possible for women who suffered
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from leukemia in childhood and achieved the remission
during the treatment. Therefore, lately, in question
whether the pregnancy is acceptable in young women
with long remissions (over 5 years), it is necessary
to consider the possibility of recurrence of the disease
[9–11].

In case of ALL recurrence, the pregnancy outcome
depends on the effective therapy. The treatment is sus-
pended, since the teratogenic effect of the radiotherapy
and chemotherapy is more significant in the first trimester
of the pregnancy [12, 13].

Despite many scientific advances, there are some facts
about the possibility of immunosuppression in children
whose parents suffer from various immunodeficiency
disorders, including ALL [14]. Due to this, the children
with congenital immunodeficiency disorders have the
complications after vaccination in the postnatal period
[15]. Rather often such complications occur after tuber-
culosis vaccination that can lead to tuberculosis in various
organs and systems due to immunodeficiency [16].
Therefore, it is important to conduct strict selection of
children for vaccination, especially the infants, whose
mother has complicated anamnesis. These children re-
quire additional monitoring in the early period of life in
order to prevent the infectious complications.

Case Presentation

A 23-year-old female patient X along with 12-day-old
baby was hospitalized to neonatal pathology department
with the complaints of low appetite, frequent vomiting
mixed with bile, constant crying after breast-feeding,
significant abdominal distension, and liquid stool with
mucus.

The anamnesis showed that a mother was diagnosed
the ALL at the age of 16 years. The diagnosis was verified
by the bone marrow biopsy. Physical condition improved
after polychemotherapy and radiotherapy. During the
past 7 years, she was in complete remission stage.

At the age of 22, the pregnancy occurred. Gestation ran
smoothly and ended with the child birth at 38th week of
pregnancy (weight: 3,280 g, body length: 51 cm, and
Apgar score: 8–10 points). Due to satisfactory condition of
the newborn and the absence of clinical and laboratory
pathologies, the vaccination against hepatitis B (Engerix-B)
and tuberculosis (BCG) was conducted according to the
immunization schedule. On the 5th day of life, the baby
and the mother were discharged home in satisfactory
condition with recommendations for healthy child care.

The physical condition of the baby was assessed as
grave due to the pain syndrome and endogenous intoxi-
cation. The following symptoms were observed: elevated
temperature at 37.8 °C, forced posture (legs were pulled
to the abdomen), painful moaning in palpation, tremor of
the extremities, pale skin with grayish and icteric color,

reduced nail beds perfusion, acrocyanosis, acrohy-
pothermy, shallow breathing, sonorous wheezing in
lungs, and weakened heart sounds. Respiratory rate was
48–52 per minute, pulse – 160–180 per minute, arterial
pressure – 101/69 mm Hg, and unstable oxygen
saturation – from 80% to 96%. The abdomen was swol-
len, asymmetrical, and tensed in palpation. The X-ray
and ultrasound examinations of the abdomen excluded
the acute surgical pathology.

The laboratory study revealed the following abnor-
malities in general blood test: leukocytosis (up to
17.8 × 109/L), neutrophilic shift to the left (metamye-
locytes – 2%, band neutrophiles – 20%, and segmented
– 52%), aneosinophilia, and neutrophil index more than
0.3. Biochemical analysis of the blood showed severe
toxic granulation of neutrophils, hyperbilirubinemia
(270 mmol/L – by indirect) and hypoproteinemia
(61 g/L), dramatic diuresis decrease (0.6 ml/kg/h).

Presumptive diagnosis: “Non-specific enterocolitis
Stages 2–3. Dynamic ileus. Distributive shock Stage 1.
Sepsis?” was made.

Treatment included the arrangement of parenteral
nutrition, since the enteral administration of food and
medication was impossible, as the necrotizing enteroco-
litis and enteroparesis were suspected. Fluid maintenance
was arranged. Pentoxifylline was prescribed for anti-
cytokine effect, Oktapleks for hemostatic 10.0 (250 IU),
Fenamin (5 mg/kg/h) for pain relief and medication
sleep; the passive immunization with Pentaglobin was
carried out for immunocorrection, when the oxygen
saturation was 83%–94%, providing the breathing sup-
port of the child for lung ventilation; mode A/C was
established.

Causal therapy was prescribed according to the recom-
mendations to neonatal sepsis treatment – Tsefosulbin
(100 mg/kg/day), Ampicillin (150 mg/kg/ day), Amika-
cin (15 mg/kg/ day), and Fluconazole (12 mg/kg/ day).

However, on the next day, the child’s condition
changed negatively: gastrointestinal hemorrhage oc-
curred, features of acute renal failure, convulsions, coma,
and anemia appeared (erythrocytes – 3.09 × 1012/L,
hemoglobin – 117 g/L), and hematocrit reduced
to 0.27. The number of thrombocytes decreased
(341→ 220 × 109/L), and hypoglycemia appeared
(4.3→ 3.5 mmol/L). X-ray revealed the enteroparesis.
Pathological flora from mucosa was not shown.

Diuresis decreased to 0.4 ml/kg/h and the features of
multiple organ failure increased that caused the treatment
correction, and the following broad-spectrum antibiotics
were prescribed: Romenem (120 mg/kg/day), Amika-
cin, Fluconazole (previous dosage), and Metronidazol
(15 mg/kg/day).

Despite the conducted treatment, the multiple organ
failure syndrome developed on the second day of inten-
sive therapy (day 14 of life) that caused the death of the
child.
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During the postmortem examination, the attention was
paid on the dyscirculatory changes in the central nervous,
digestive, urethral, cardiovascular, and hematopoietic
systems of the body. Vascular congestion and brain
edema, cardiac muscle flabbiness, and features of pulmo-
nary edema were observed.

Increased pneumatosis was observed in intestinal tract.
Serous membranes of fused small and large intestines
were of a dark red color, and fibrin clots were found on
their loops. Serous membrane was smoothed and of a
dark red color.

The spleen was slightly enlarged, flabby, and the pulp
was of purple–red color, which gave the abundant scrap-
ing. Thymus was lobulated, of a milky-white color, soft,
and elastic, and slightly enlarged. The kidney surface was
uneven, the sections were dull, and the drawings of the
cortex and medulla were moderately marked.

Histological examination showed the features of peri-
vascular and pericellular brain edema, interstitial inflam-
mation in lungs, heart, liver, and kidneys (stroma of these
organs was swollen, densely infiltrated by lymphocytes
and macrophages), severe adipose degeneration, small
foci of necrosis in cardiomyocytes and hepatocytes, and
focal nephronecrosis. Diffusive necrotic changes, severe
leukocytic infiltration, and extensive hemorrhage were
observed in small and large intestines (Fig. 1A and 1B).
The boundary zone between red and white pulps was
rather distinct in the spleen. Red pulp was atrophied and
white pulp was represented by dense assemblies of lym-
phoid cells with the features of perivascular T-cells hypo-
plasia. Thymus lobules were reduced in size, cortex was
thinned due to the loss of lymphocytes and reticular stroma
collapse, hyperplasia of epithelial reticular cells was ob-
served. The boundary between the cortex and medulla was

smoothed. Thymic corpuscles (Hassall’s corpuscles) were
relatively numerous, of various sizes, with the presence of
pyknotic leukocytes, a significant number of which were in
a state of rhexis (Fig. 1C and 1D).

Immunohistochemical study of spleen and thymus
tissues was conducted in order to assess the immunologi-
cal status of dead child. It included the determination of
expression of the following receptors: CD3 (T-cells),
CD79α (B-cells), and CK-pan (in epithelial cells). The
absence of T-cell zones in the spleen around the central
arteries and relative spleen follicle hyperplasia (B-cell
zone) was determined (Fig. 2).

In thymus tissue (Fig. 3), a well-defined expression of
CK-pan in epithelial reticular cells and Hassall’s corpus-
cles was observed throughout the whole area, depletion
of the expression of CD3-receptors (due to T-cells
hypoplasia) and single location of CD79α- positive cells
(B-cells) revealed.

Final diagnosis was determined based on the results:
Basic disease:

1. Ulceronecrotic enterocolitis Stage III, with the locali-
zation in jejunum, ileum, and large intestines.

2. Congenital T-cells immunodeficiency disorder.
Basic disease complications include intoxication, gas-

trointestinal hemorrhage, acute multiple organ failure,
brain edema, and pulmonary edema.

Discussion

In the literature, there are some facts [14] about possi-
bility of the development of immunodeficiency disorder
in children, born to women with ALL, that makes

Fig. 1. Histological study of small intestine (A, B), spleen (C), and thymus (D). 1 – hemorrhage, 2 – inflammatory infiltration, 3 – areas of
necrosis and epithelium desquamation, 4 – red pulp atrophy, 5 – lymphoid follicle, 6 – central artery of spleen, 7 – leukocytes assembly,
8 – Hassall’s corpuscles. Staining with hematoxylin and eosin. Magnification: 100×
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Fig. 2. Spleen tissue. Immunohistochemical study of CD3 (A, B) and CD79α (C, D) expression. Magnification: A, C – 100×; B, D – 400×

Fig. 3. Thymus tissue. Immunohistochemical study of CD3 (A, B), CD79α (C, D), and CK-pan (E, F) expression. Magnification: A, C,
E – 100×; B, D, F – 400×

Immunodeficiency and vaccination

Interventional Medicine & Applied Science 219 ISSN 2061-1617 © 2018 The Author(s)



impossible to conduct vaccination with live-attenuated
vaccines (particularly, tuberculosis, poliomyelitis, etc.) in
the first days of life and requires monitoring of the
immunological status of children [17–19]. Consequently,
in case of immunodeficiency, the BCG vaccine strain
becomes “paradoxic agent” of opportunistic infection,
despite the high quality of national BCG vaccine. When
the vaccination is needed, a question of vaccination
rescheduling should be solved, inactivated, or reduced
doses of vaccine should be used [20–22].

The present case most likely demonstrates the
congenital T-cells immunodeficiency in a child (absence
of T-dependent zones of the spleen and thymus hypopla-
sia) that was complicated by the development of acute
ulceronecrotic enterocolitis after vaccination. Due to this,
the treatment that was targeted mainly at the agent
eradication did not give the desired results due to non-
responsiveness of the immune system of the child.

This clinical case demonstrates the importance of
correct diagnostics in order to reveal the congenital
pathologies of the immune system in children, whose
parents suffered from lymphocytic leukemia, even in case
of full clinical and laboratory remission for a significant
period of time (7 years). In the hospital, the thread metric
approach was used for sepsis diagnostics. As a patient had
serious infectious and inflammatory lesion (purulo-ulcero
enterocolitis) in combination with signs of systemic inflam-
matory response, such as leukocytosis 15× 109/L increase
in early forms of neutrophils – more 1.5 × 109/L, toxic
granularity of neutrophils, neutrophilic index more than
0.2. Considering the features of multiple organ failure,
it was concluded that there was a high threat of sepsis,
and the treatment of neonatal sepsis was prescribed as a
therapy. Nevertheless, conducted treatment most likely
was ineffective due to the inadequate immune response
in the child and lack of the targeted adjusted measures to
immunodeficiency disorder. It led to acute enterocolitis
and hematosepsis resulting in multiple organ failure that
caused death.

Conclusions

Children who were born to parents with complicated
anamnesis on hemoblastosis require timely monitoring of
immune status after birth and individual approach to
vaccination. In case of infectious diseases, an individual
approach to therapy is required, which is focused not only
on agent eradication but also on immune correction.

This clinical case may be a manifestation of possibility
of severe immunological suppression in a child with
congenital T-cell immunodeficiency that was complicated
due to BCG vaccination and acute enterocolitis. The
multiple organ failure caused fatal outcome.

* * *

Funding sources: No financial support was received for this study.

Authors’ contributions: All authors agreed to be accountable for all
aspects of the work and ensuring accuracy and integrity and approved
the final version of this manuscript.

Conflict of interest: The authors declare no competing interests.

References

1. Aster JC, DeAngelo DJ (2011): Chapter 21: Acute Leukemias.
In: Pathophysiology of blood disorders, eds Bunn H, Aster J, The
McGraw-Hill Companies, Inc., New York, pp. 244–259

2. Rytting, ME, ed. (2013): Acute leukemia. Merck Manual Profes-
sional. Merck Sharp & Dohme Corp., Whitehouse Station

3. Hoelzer D, Bassan R, Dombret H, Fielding A, Ribera J, Buske C:
Acute lymphoblastic leukaemia in adult patients: ESMO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann
Oncol 27, v69–v82 (2016)

4. Rudant J, Lightfoot T, Urayama K, Petridou E, Dockerty J,
Magnani C, Milne E, Spector LG, Ashton LJ, Dessypris N, Kang
AY, Miller M, Rondelli R, Simpson J, Stiakaki E, Orsi L, Roman E,
Metayer C, Infante-Rivard C, Clavel J: Childhood acute lympho-
blastic leukemia and indicators of early immune stimulation:
A childhood leukemia international consortium study. Am J Epi-
demiol 181, 549–562 (2015)

5. Pui CH, Robison LL, Look AT: Acute lymphoblastic leukaemia.
Lancet 371, 1030–1043 (2008)

6. Wiemels J: Perspectives on the causes of childhood leukemia. Chem
Biol Interact 196, 59–67 (2012)

7. Pui CH, Carroll WL, Meshinchi S, Arceci RJ: Biology, risk stratifi-
cation, and therapy of pediatric acute leukemias: An update. J Clin
Oncol 29, 551–565 (2011)

8. Kouides PA, Bennett JM: Understanding the myelodysplastic
syndromes. Oncologist 2, 389–401 (1997)

9. Peccatori FA, Azim HA Jr, Orecchia R, Hoekstra HJ, Pavlidis N,
Kesic V, Pentheroudakis G: Cancer, pregnancy and fertility: ESMO
Clinical Practice Guidelines for diagnosis, treatment and follow-up.
Ann Oncol 24, 160–170 (2013)

10. Stensheim H, Møller B, van Dijk T, Fosså SD: Cause-specific
survival for women diagnosed with cancer during pregnancy or
lactation: A registry-based cohort study. J Clin Oncol 27, 45–51
(2009)

11. Shapira T, Pereg D, Lishner M: How I treat acute and chronic
leukemia in pregnancy. Blood Rev 22, 247–259 (2008)

12. Koren G, Carey N, Gagnon R, Maxwell C, Nulman I, Senikas V:
Cancer chemotherapy and pregnancy. SOGC 288, 263–278
(2013)

13. Arnon J, Meirow D, Lewis-Roness H, Ornoy A: Genetic and
teratogenic effects of cancer treatments on gametes and embryos.
Hum Reprod Update 7, 394–403 (2001)

14. Campbell AG: Immunisation for the immunosuppressed child.
Arch Dis Child 63, 113–114 (1988)

15. Esposito S, Prada E, Lelii M, Castellazzi L: Immunization of
children with secondary immunodeficiency. Hum Vaccin Immun-
other 11, 2564–2570 (2016)

16. Boisson-Dupuis S, Bustamante J, El-Baghdadi J, Camcioglu Y,
Parvaneh N, El Azbaoui S, Agader A, Hassani A, El Hafidi N, Mrani
NA, Jouhadi Z, Ailal F, Najib J, Reisli I, Zamani A, Yosunkaya S,
Gulle-Girit S, Yildiran A, Cipe FE, Torun SH, Metin A, Atikan BY,
Hatipoglu N, Aydogmus C, Kilic SS, Dogu F, Karaca N, Aksu G,
Kutukculer N, Keser-Emiroglu M, Somer A, Tanir G, Aytekin C,
Adimi P, Mahdaviani SA, Mamishi S, Bousfiha A, Sanal O,
Mansouri D, Casanova JL, Abel L: Inherited and acquired

Smiyan et al.

ISSN 2061-1617 © 2018 The Author(s) 220 Interventional Medicine & Applied Science



immunodeficiencies underlying tuberculosis in childhood. Immunol
Rev 264, 103–120 (2015)

17. Moschovi M, Adamaki M, Vlahopoulos S: Progress in treatment of
viral infections in children with acute lymphoblastic leukemia.
Oncol Rev 10, 300 (2016)

18. Kozko V, Bondarenko A, Gavrylov A, Shevchenko OS, Gargin VV:
Pathomorphological peculiarities of tuberculous meningoencephalitis
associated with HIV infection. Intervent Med Appl Sci 9, 144–149
(2017)

19. Swaminathan S, Klemm L, Park E, Papaemmanuil E: Mechanisms
of clonal evolution in childhood acute lymphoblastic leukemia. Nat
Immunol 16, 766–774 (2015)

20. Marciano B, Huang C, Joshi G, Rezaei N, Carvalho B, Allwood Z,
Ikinciogullari A, Reda SM, Gennery A, Thon V, Espinosa-
Rosales F, Al-Herz W, Porras O, Shcherbina A, Szaflarska A,
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