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ABSTRACT

In the first part of this article, the anonymous
patient diagnosed with leukocyte adhesion defi-
ciency type 1 (LAD-1) and pyoderma gangreno-
sum (PG) discusses her experience of her medical
history and treatment in a foreign country dur-
ing her pregnancy and the coronavirus disease-
19 (COVID-19) pandemic. The patient’s derma-
tologists, immunologist, and diagnostician refer
to the epidemiology, genetics, diagnosis, mor-
phologic manifestations, including skin lesions,
treatment, and prognosis in LAD-1. The patient’s
diagnostic and therapeutic process was discussed
in the last part of this paper.
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Key Summary Points

Leukocyte adhesion deficiency type 1
(LAD-1) is a rare, life-threatening
autosomal recessive primary
immunodeficiency syndrome caused by
the mutation of integrin b2 (CD18) gene.

The most distinctive features of LAD-1 are
persistent leukocytosis with neutrophilia
and recurrent serious bacterial or fungal
infections of the skin and soft tissues.

Patients suffering from severe LAD-1 often
die before the age of 2 years as a result of
sepsis and require a prompt hematopoetic
stemcell transplantation,which iscurrently
the only curative treatment option for any
patient diagnosed with LAD-1.

The diagnosis of LAD-1 should be
considered in any child and young adult
with pyoderma gangrenosum (PG) or PG-
like wounds and significant leukocytosis.

Known PG therapies such as steroids and
cyclosporine may be effective in treating
patients diagnosed with LAD-1 and PG,
but it is only a symptomatic, not a
curative treatment.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14038979.

PATIENT’S EXPERIENCE

I was born in a small village in Ukraine and grew
up like my peers. I didn’t get sick more often
and differently than other children, until I was
13. Then, deep wounds on my left lower limb
appeared after some minor trauma and they
were not healing. I also had sepsis at the time
and got a lot of antibiotics in the hospital. This
time, the doctors performed some additional
tests and diagnosed me with leukocyte adhesion
deficiency type 1 (LAD-1). If I remember cor-
rectly, we did not receive any special recom-
mendations for the future. When my skin
lesions cured leaving scars (Supplementary
Fig. 1a, b), I started to continue my normal life
as before. Meanwhile, some smaller skin lesions
appeared on the skin of my chin, thighs, and
hips, which also healed with scarring (Supple-
mentary Fig. 1c). But neither I nor anyone else
around me paid much attention to it.

When I was 20, I got married and got preg-
nant. Two months later, new skin lesion similar
to a boil occurred on my left thigh. At first, I
treated myself using a home medical kit, as it
was not my first such kind of wound, but there
was no improvement. The wound did not heal
and was getting bigger day by day. I have started
to fever to 37.5 �C within 4 weeks from the first
symptoms and I went to the nearest hospital in
my area. The treatment there took a week, but
to no avail. The wound grew larger (Fig. 1) and
my temperature rose to 38.5 �C. I started to walk
less because of the terrible pain. Hence, after
7 days of hospitalization, I was referred to
another bigger hospital (to the surgery ward)
where the wound was mechanically cleaned
(Fig. 2). It made my condition even worse.
Meantime, I was treated by many antibiotics

and had stomachache and diarrhea because of
them, luckily, for only a few days.

And the most important thing: I was still
worried about what would happen to my
unborn child. The doctors in Ukraine strongly
suggested to me that my pregnancy will end
badly… And my husband was so happy and has
been still waiting for his son… Terrible pain that
made me stop walking for a month and I could
not even straighten my leg anymore. I thought
then that, if a little more happened, I would not
overcome it. The surgeons had no idea what
next to do with me. But I am convinced they
did their best. They saved me from sepsis and
made excellent photo-documentation, which
was very helpful for the next steps.

I and my husband started to think: what can
we do? How will I be saved? My husband has
been working in Poland for 2 years. Fortunately,
he speaks Polish quite well and has some sincere
friends there. They helped him to contact Prof.
Adam Reich and I was admitted to his Depart-
ment of Dermatology in Rzeszów. The professor
looked at the photos, listened to my story, and
agreed to transport me to Poland despite the
difficulties related to the coronavirus disease-19
(COVID-19) pandemic. Even the local govern-
ment was forewarned of my arrival, because the
Polish–Ukrainian border was closed for passen-
gers. It was a really, really long way for me, not
because of the distance, but because of the
procedures we had to follow. I was transported
to the border by an ambulance with an Ukrai-
nian doctor, then we were waiting many hours
at the border crossing. We followed epidemio-
logical procedures and I was transferred to the
ambulance with the Polish medical team. I was
very tired and afraid of what would happen
next, and the relentless pain was terrible.

In the Department of Dermatology in Rzes-
zów I got a small hospital room with my hus-
band. We had PCR (polymerase chain reaction)
test for COVID-19 three times in Ukraine and
the fourth one after my admission… My hus-
band had to be there with me to translate from
Polish to Ukrainian as we both do not speak a
word of English. Fortunately, he learned Polish
quickly, like many of my countrymen working
in Poland. As I have never been there before, I
did not understand anything in Polish. I must

644 Dermatol Ther (Heidelb) (2021) 11:643–653

https://doi.org/10.6084/m9.figshare.14038979
https://doi.org/10.6084/m9.figshare.14038979


admit that some words are similar, but not so
much that you would communicate easily at
once.

The first challenge was to change the dress-
ing that I had had on my wound for 3 days.
Pain, shooting pain… I got high doses of
paracetamol, but it was still not good. That was
why intravenous narcotic drug was added to the
therapy. Then I heard quickly that my rehabil-
itation is necessary and I have to do my best to
stand on my own feet as soon as possible. At the
same time the laboratory tests and gynecologi-
cal consultation were performed. We were so
lucky to see our baby in the ultrasound pictures!
Just amazing! We were also informed, that a
serious systemic therapy was necessary and the

choice of drugs would take into account my
pregnancy. Honestly, I did not think much
about that. I knew that I must be treated effec-
tively and needed treatment immediately,
because otherwise…

The treatment started and everyday I waited
for improvement. I was also impatiently waiting
for each narcotic drip during the first days. And
the following questions were in my head: Will it
ever heal? If yes, then when? Will I survive it?
What about my baby? My husband still sup-
ported and helped me. He bathed me and even
carried me in his arms to the toilet. Meantime,
just in a few days, we noticed that my wound
started to heal slightly and, most importantly,
disease progression had been inhibited. Day

Fig. 1 Evolution of the skin lesions on the left thigh within 2 months before hospitalization in the Department of
Dermatology
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after day I began to believe that I would suc-
ceed. First time I stayed in hospital for 3 weeks.
After that hospitalization, I was able to dechal-
lenge all pain drugs. We stayed in Poland,
continuing oral and topical treatment. My
wound was getting slowly better and smaller.

Then, I was rehospitalized in August, when
we heard that everything was proceeding along
the right lines at the time. The doctors said that
I should continue treatment and follow-up vis-
its in Poland. We knew they wanted the best for
us, but we decided to go back to Ukraine. We
did not tell them this outright but we knew my
doctor, Dr. Aleksandra Opalińska, guessed we
would do it. She gave us her email and phone
number and we were sure that she would try to
help us as much as possible. We contacted each
other regularly. I have been continuing treat-
ment in my area and I gave birth to my son a
few months later.

I am aware that I received the necessary and
professional help. Probably my life and my
child’s life were saved in this way. For this rea-
son, thank you all for your professionalism,

care, and good heart for me—a patient from
another country. I am very grateful to my doc-
tors, my husband, and his Polish friends. I know
it will not be the end of my story for me. As a
result of my illness, I will have to be under
constant medical supervision because this kind
of skin change can recur in my case at any time.
My son will also undergo genetic tests soon.

PHYSICIAN’S PERSPECTIVE

Epidemiology and Pathogenesis of LAD-1

LAD-1 is a rare (1/1,000,000 births) autosomal
recessive primary immunodeficiency that was
first described and considered as a genetically
determined syndrome by Hayward et al. in 1979
[1, 2]. The root of this disorder is heterogeneous
germ-line mutations of the integrin b2 gene
(ITGB2), located on chromosome 21 (21q22.3).
Currently, over 200 mutations in ITGB2 gene
have been identified, including deletions,
insertions, splice site, nonsense, and missense

Fig. 2 Ulceration of the left thigh 1 week before hospitalization in the Dermatology Department: shortly before (upper
raw) and during (lower raw) surgical debridement in the surgery ward
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mutations [3–5]. These genetic defects usually
lead to absence or reduced expression of the b2
(cluster of differentiation, CD18) integrin pro-
teins. Sporadically, normal levels of CD18 are
found in LAD-1; however, the CD11/CD18
heterodimers are then functionally compro-
mised [6, 7]. Thereafter, many leukocyte func-
tions such as chemotaxis, phagocytosis,
margination, aggregation, cell-mediated killing,
adhesion to the endothelium, and migration
through the intravascular space become defec-
tive. Consequently, persistent leukocytosis with
a high percentage of circulating neutrophils and
a low concentration of neutrophils at the site of
infection are common in patients with LAD-1.
In a normal situation leukocytosis is usually
moderate, but in the case of any infection
leukocyte counts increase around or above
100,000/ml [8, 9]. Additionally, lymphocytic
functions are also affected, but not as much as
the activity of neutrophils, as these cells also
express b1 integrin on the surface. Low natural
killer (NK) cell and low cytotoxic T lymphocyte
activity might be observed as well [8–11].

Classification and Clinical Presentation
of LAD-1

Currently, there is no official and objective
classification regarding the severity of LAD-1.
Historically, two phenotypes of LAD-1—severe
and moderate—have been described, based on
the expression level of CD18 on the surface of
polymorphonuclear leukocytes. In the litera-
ture, different ranges of CD18 level are consid-
ered as severe (below 1% or below 2%) or
moderate (2–30%) [2, 12–15]. There are also
known LAD-1 cases in which expression of
functionally impaired CD18 on the surface of
leukocytes is normal. Moreover, CD18 expres-
sion in the same patient may vary significantly
depending on the time of testing and other
circumstances, such as inflammatory condi-
tions. Thus, in the LAD-1 diagnostic process,
expression levels of CD11a–c as well as the
clinical picture and search for mutations in the
ITGB2 gene should also be considered [6, 16].

Clinically, the most distinctive features of
LAD-1 are recurrent life-threatening bacterial

and sometimes fungal infections of the skin,
soft tissues, and mucous membranes with
impaired wound healing and inability to form
pus. Common presentation includes oral ulcers,
perianal and abdominal wall abscesses, fasciitis,
dactylitis, and cellulitis. Delayed umbilical cord
separation and/or omphalitis during the peri-
natal period may occur as the first representa-
tive symptoms, usually in the more severe forms
of the disease. Sepsis and bacteremia are also
frequent and often lead to death despite
antibiotherapy, both in severe and in mild LAD-
1 variants. Typically, other infections are also
presented, such as otitis media, gingivitis, peri-
odontitis, premature loss of temporary or per-
manent teeth, enteritis, osteomyelitis,
pneumonia, and upper respiratory tract and
urinary tract infections [17–19].

Pyoderma Gangrenosum as a Comorbidity
of LAD-1

Patients with LAD-1 are also prone to develop
autoimmune disorders, such as Crohn-like col-
itis, juvenile idiopathic arthritis, pyoderma
gangrenosum (PG) or PG-like lesions, that are
clinically analogous to PG, but no dermal neu-
trophilia is found [16, 20–25]. PG itself is an
uncommon, serious, ulcerating skin disease
with not fully understood etiology. However, it
appears to be a disorder of the innate immune
system. It is a noninfectious, progressive
necrosis of the skin, presented by painful ulcers
with undermined violaceous or bluish borders.
Currently, there are no standardized treatment
guidelines for PG. As the disease is rare, the
existing therapeutic recommendations are
based mostly on case reports and a few small
controlled trials on PG management. The
treatment usually combines local wound care
and systemic immunosuppression as the main-
stay therapy. Among immunosuppressive
agents, corticosteroids and cyclosporine are
most commonly used. Sometimes, other
immunosuppressants, cytostatics, or immune
modulators (such as azathioprine, mycopheno-
late mofetil, methotrexate, thalidomide, inter-
feron alpha (IFNa), intravenous
immunoglobulins (IVIg), or biologics,
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predominantly anti-tumor necrosis factor (TNF)
inhibitors) are prescribed. The treatment usually
depends on personal experience, availability of
therapy, and presenting comorbidities [26–29].

Prognosis and Treatment of LAD-1
and Pyoderma Gangrenosum

LAD-1 and associated disorders, such as infec-
tions and autoimmune conditions, are unques-
tionably life-threatening and require intensive
treatment. Regarding severe LAD-1, many
patients die before the age of 2 years and most
of them before their 5th birthday. In the mod-
erate LAD-1, it is possible to reach adulthood,
but serious chronic or acute infections are
becoming more and more critical to patients’
survival, especially between the 2nd and 4th
decades of their lives [9, 30]. Currently, the only
potential definite treatment option recom-
mended in LAD-1 is allogeneic hematopoietic
stem cell transplantation (HSCT) or umbilical
cord blood transplantation (UCBT). The alter-
native therapeutic options include antibiotic
prophylaxis, granulocyte transfusions, and
prophylactic IVIg therapy [30–33]. There are
also single case reports of the efficacy of inflix-
imab treatment in colitis and arthritis related to
LAD-1 [20], and ustekinumab treatment in a
patient with sacral ulcer and severe periodonti-
tis [34]. Moreover, many different methods of
therapy have been used in the treatment of
patients with LAD-1 presenting with PG or PG-
like lesions, with varying efficacy, such as sys-
temic glucocorticoids, cyclosporine, infliximab,
and other anti-TNF inhibitors, IVIg, HSCT,
antibiotics, dapsone, colchicine, anakinra,
mycophenolate mofetil, and others [22, 24, 25].
Further research and observations are necessary,
but it is very difficult because of the small
number of cases of LAD-1 coexisting with this
type of skin lesion.

MY PATIENT

Initially, I heard about my next patient a few
days before her admission to our department. In
view of the restrictions related to the COVID-19
pandemic, permission for her arrival from

Ukraine to Poland was obtained from the local
government. I was looking at the clinical pic-
tures with my department head and I under-
stood immediately that it would be a difficult
and challenging case. The first day we met, I saw
a 20-year-old pregnant woman, with a large
dressing on her left thigh. She suffered so much
from the pain that she was unable to walk, sit,
or even straighten her left lower limb. She did
not speak a word of English and she did not
understand Polish. On the other hand, I and the
rest of our team do not know Ukrainian.
Therefore, I was very content that her husband
could be an interpreter; in fact, there was no
other option. Besides, his presence cheered her
up and reduced the stress she had in this preg-
nancy anyway. I tried to give her at least my
smile, even though we were all wearing masks.

During the anamnesis, I found out that she
was at the 16th week of pregnancy and she was
currently taking folic acid, dydrogesterone, and
iron supplementation because of significant
anemia. She has had a progressive ulceration of
the left thigh for 2 months (Fig. 1) and she was
treated with many antibiotics, such as
imipenem/cilastatin, linezolid, levofloxacin,
and ornidazole and fluconazole. Finally, the
surgical debridement of the wound was per-
formed, which triggered a clinical deterioration
(Fig. 2). Furthermore, she suffered from
osteomyelitis and sepsis at the age of 13 and she
was diagnosed with LAD-1. On the other hand,
she had no history of serious recurrent infec-
tions or delayed detachment of the umbilical
cord. As the tests confirming this diagnosis
could not be found in her medical documenta-
tion, I knew that I would conduct a thorough
diagnosis of this problem.

My first therapeutic challenge was effective
and safe analgesia, as it was obvious that
paracetamol would not be sufficient. Nal-
buphine was added intravenously to the ther-
apy after consultation with a gynecologist and
anesthesiologist. Regardless, we removed the
first dressing from the wound over 3 h. Then, I
saw a huge ulcer on the front, medial, and lat-
eral surfaces of the left thigh, with a purple and
undermined edge, covered with necrotic tissues
and fibrin, measuring 32 9 28 cm. The related
pain was so strong that I managed to take the
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photo only a few days later, when the ulcer was
already cleaned by hydrofiber dressings (Fig. 3a,
b). At that time, we had no clinical doubts
(considering the anamnesis, the presence of
pathergy, the current clinical picture, and pre-
vious photo documentation) that it was PG.
Skin biopsy was not performed because of the
patient’s lack of consent for this procedure. She
suffered a lot from pain and was afraid that it
could exacerbate her disease.

Laboratory results revealed high leukocytosis
(55,940/mm3; normal values 4000–10,000/
mm3) with 89.1% neutrophils and 7.8% lym-
phocytes, a normocytic anemia (hemoglobin
7.0 g/dl; normal values 12.0–16.0 g/dl), and
elevated erythrocyte sedimentation rate
(63 mm/h). C-reactive protein was slightly ele-
vated (4.8 mg/dl; normal\0.5 mg/dl). Procal-
citonin, serum immunoglobulin levels, and the
rest of laboratory evaluations, including
autoantibodies, were normal. The gynecological

examination did not reveal any deviations
regarding gestation. In addition, flow cytometry
revealed markedly decreased expression of
CD11b-c and CD18 antigens on granulocyte
and monocyte surfaces (Fig. 4, Supplementary
Table 1, Supplementary Methods). The in vitro
tests also showed the lack of ability of neu-
trophils isolated from the patient’s blood to
migrate towards chemoattractant, but their
oxidative burst activity measured by flow
cytometry remained unaltered, findings typical
for LAD-1 syndrome (Fig. 5, Supplementary
Methods).

The therapy was initially started with pred-
nisolone 0.6 mg/kg daily and cyclosporine
4.6 mg/kg daily. During the first 3 weeks, the
prednisolone dose was tapered to 0.15 mg/kg
daily and cyclosporine dose was increased to
5.4 mg/kg daily, because of the low concentra-
tion of its serum level. The wound was dressed
with an antimicrobial hydrofiber dressing

Fig. 3 a, b Ulceration of the left thigh 3 days after beginning of the therapy with cyclosporine and prednisolone. Skin lesion
after 1 month (c), 2 months (d), 4 months (e), and 5 months (f) of systemic therapy with cyclosporine and prednisolone
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changed once a day because of the large amount
of effusion and necrotic tissue. The additional
therapy included physiotherapy, erythrocyte
concentrate transfusion, and supplementation
of albumin, vitamins, and minerals. The ulcer
stabilization and pain reduction was achieved
within the first few days of treatment. There-
after, slight epithelialization appeared at all
edges and the wound began to decrease and
shrink to 24 9 27 cm in 3 weeks. During the
follow-up visit at the 7th week of treatment, a

further clinical improvement was observed with
a reduction of the ulcer size to 15 9 21 cm and
white blood cell count to 20,800/mm3. Cyclos-
porine and prednisolone dosing was further
reduced to 3.8 mg/kg daily and 0.1 mg/kg daily,
respectively.

I strongly urged the patient to stay in Poland
and come for follow-up visits to our depart-
ment. However, I guessed that she and her
husband had already made the decision to
return to their home. We stay in touch by

Fig. 4 Monocyte population* (yellow), lymphocyte pop-
ulations (blue), granulocyte population* (green). Flow
cytometry analysis revealed markedly decreased expression
of CD11b/CD11c/CD18 antigens in the leukocyte
subsets (*full immunophenotypic profile of monocyte

population: CD45?/CD16-/CD66?dim/CD64?high/
CD11b-/CD11c-/CD18?/-dim; granulocyte popula-
tion: CD45?dim/CD16?strong/CD66?strong/
CD64?/-/CD11b-/CD11c-/CD18-)
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phone and e-mail. Treatment is continued in
the patient’s area and ulcer healing is progress-
ing successfully. Cyclosporine dose has been
systematically tapered and prednisolone was
discontinued after 4 months of therapy. During
the perinatal period and in the postpartum
period (5 months from the beginning of the
treatment), cyclosporine was maintained at a
dose of 100 mg daily (1.7 mg/kg). During this
time, the size of the ulcer decreased to
5 9 8 cm. The patient’s child did not present
any disorders a fter delivery. The baby will be

under systematic pediatric control and will
undergo genetic testing soon. The patient was
advised to follow continuous immunological
control and to consider HSCT.
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