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ARTICLE

Lymphopenia in atopic dermatitis patients treated with oral
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Daphne S. Bakkera, Floor M. Garritsena, Helen L. Leavisb, Jorien van der Schafta, Carla A.F.M. Bruijnzeel-Koomena,
Marcel P.H. van den Broekc,d and Marjolein S. de Bruin-Wellera

aDepartment of Dermatology, University Medical Center Utrecht, Utrecht, The Netherlands; bDepartment of Rheumatology and Clinical
Immunology, University Medical Center Utrecht, Utrecht, The Netherlands; cDepartment of Clinical Pharmacy, University Medical Center Utrecht,
Utrecht, The Netherlands; dDepartment of Clinical Pharmacy, St Antonius Hospital, Nieuwegein, The Netherlands

ABSTRACT
Introduction: Oral immunosuppressive drugs are commonly used in the treatment of atopic dermatitis
(AD). In patients with autoimmune- and rheumatic diseases, these drugs have been associated with lym-
phopenia. Lymphopenia is related to an increased risk of opportunistic infections. The incidence of lym-
phopenia in patients with AD treated with oral immunosuppressive drugs is yet unknown.
Objective: To evaluate the occurrence of recurrent lymphopenia in patients with AD treated with oral
immunosuppressive drugs and to make recommendations for screening in daily practice.
Methods: Patients with recurrent lymphopenia (i.e. >5 times lymphocyte counts below 0.8� 109/L) during
treatment with oral immunosuppressive drugs were included from our immunosuppressive drugs data-
base and further analyzed.
Results: A total of 360 AD patients, treated with oral immunosuppressive drugs, were screened. A recur-
rent lymphopenia during treatment was found in 11 patients. In 8/11 patients, recurrent lymphopenia was
observed during concomitant treatment with prednisone. No serious infections were observed.
Conclusion: Lymphopenia is occasionally seen in AD patients treat with oral immunosuppressive drugs.
Concomitant treatment with prednisone seems to be a risk factor. We suggest to include monitoring of
lymphocyte counts in the standard follow-up for all AD patients treated with oral immunosuppres-
sive drugs.
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Introduction

Atopic dermatitis (AD) is a common chronic inflammatory skin dis-
ease, with a prevalence of 2–10% in adults (1–3). The majority of
AD patients can be adequately treated with topical treatment
and/or phototherapy. However, in patients with moderate to
severe AD without sufficient response or the need of continuous
treatment with mid to high potent topical corticosteroids, long-
term oral immunosuppressive treatment is often required. Drugs
that are commonly used in the treatment of AD include cyclospor-
ine A (CsA), methotrexate (MTX), azathioprine (AZA), enteric-
coated mycophenolate sodium (EC-MPS), mycophenolate mofetil
(MMF), tacrolimus and systemic corticosteroids (4).

These immunosuppressive drugs have the potential to achieve
controlled disease, but can also cause a broad spectrum of side
effects, which often require discontinuation of therapy. One of
these side effects is the development of lymphopenia, as an effect
of myelosuppression (5). Drug-induced lymphopenia is a known
phenomenon in patients with autoimmune and rheumatic dis-
eases, inflammatory bowel disease (IBD), and in organ transplant-
ation recipients (6–9). Although it is a common finding, the
clinical implications are currently not fully understood. Mild lym-
phopenia might be a reflection of a sufficient immunosuppressive
effect of the drugs, but it is known that persistent lymphopenia,
regardless of its cause, is associated with an increased risk of
opportunistic infections, as seen in HIV-positive patients, primary

immunodeficiency and idiopathic CD4þ lymphopenia (5,10,11).
Recently, treatment-induced lymphopenia in patients with psoria-
sis and multiple sclerosis, treated with the immunosuppressive
drug dimethyl fumarate, has been associated with the develop-
ment of progressive multifocal leukoencephalopathy (PML),
caused by activation of the John Cunningham (JC) virus (12–17).
Due to the assumption that PML develops when cellular immunity
is severely disturbed, it could thereby also be associated with
other immunosuppressive drugs. It is suggested that long-term
treatment and higher doses of immunosuppressive drugs are
associated with a higher risk of PML development.

Remarkably, although oral immunosuppressive drugs are com-
monly used in severe, difficult to treat AD for long-time periods,
data on the incidence and the clinical implication of lymphopenia
in these patients is lacking. Therefore, the aim of this study is to
evaluate the occurrence of lymphopenia in patients with AD
treated with oral immunosuppressive drugs and to make recom-
mendations for screening in daily practice.

Methods

Study population

This study was exempted from review by our institutional review
board. A retrospective explorative study was conducted at the
Dermatology and Allergology Department of the University
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Medical Center Utrecht, the Netherlands. Patients were selected
from our immunosuppressive drugs database, which includes all
AD patients treated with oral immunosuppressive drugs in our
center, including CsA, MTX, AZA, EC-MPS, MMF, tacrolimus and
prednisone (>3months). Electronic medical records were manually
screened for the appearance of a recurrent lymphopenia, defined
as five or more lymphocyte counts below 0.8� 109/L during the
study period.

All patients receiving oral immunosuppressive drugs for the
treatment of AD between January 1 2005 and September 10 2016
and a recurrent lymphopenia during treatment were included. AD
was diagnosed by a dermatologist, according to the Hanifin and
Rajka criteria (18). Patients’ lymphocyte counts were monitored
according to local treatment protocols. In case of a persistent lym-
phopenia, an immunologist was consulted. Immunosuppressive
treatment was continued, unless otherwise advised.

Exclusion criteria were age below 18 years, a history of organ
transplantation, treatment with chemotherapy or insufficient docu-
mentation of either lymphocyte counts or medication. AD should
have been the primary indication for the treatment with oral
immunosuppressive drugs. Lymphopenia should have been meas-
ured during treatment with oral immunosuppressive drugs or
within three months after cessation of medication. Lymphopenia
that did not occur within this time frame was assumed not to be
related to the use of oral immunosuppressive drug.

The following data were systematically collected from the med-
ical records of the included patients: sex, age at initiation of sys-
temic treatment, type and dose of oral immunosuppressive drugs
used, start and stop date of immunosuppressive drugs, date and
value of all lymphocyte counts and total white blood cell counts
at the time of decreased lymphocyte counts. When available,
lymphocyte immunophenotyping including CD4þ and CD8þ T
cells were analyzed. The lower limit of normal for CD4þ and
CD8þ T cell counts were identified as 560 and 216 cells per ll (C/
ll), respectively. The electronic patient files were screened for the
documentation of severe (opportunistic) infections.

Statistical analysis

Data were analyzed using SPSS 21.0 (Version 21.0.0.0, SPSS Inc.,
Chicago, IL, USA). Absolute numbers and percentages were pre-
sented. Median with interquartile range (IQR) was calculated in
case of not normally distributed variables.

Results

Patient characteristics

Patients were selected from our immunosuppressive drugs data-
base, which contained 360 patients at the moment of data collec-
tion. In 84 patients, no lymphocyte measurements were
performed. Eleven AD patients (six male, 54.5%) met the inclusion
criteria and were included for further analysis (Table 1). Median
age at the start of the immunosuppressive therapy was 39.0 years
(IQR 32.5–43.8). Patients were treated with oral AZA, CsA, MTX,
EC-MPS, and tacrolimus, as monotherapy or in combination with
prednisone, and prednisone monotherapy (Figure 1(A–K)). The
median number of different types of immunosuppressive drugs
used per patient was 3 (IQR 3–5). Median nadir (lowest lympho-
cyte count) during treatment was 0.59� 109/L (IQR 0.46–0.68).

Analysis of lymphopenia

Most of the patients had fluctuating lymphocyte counts during
therapy. In one patient (Figure 1(K)) lymphopenia was found
before start of the treatment with oral immunosuppressive drugs
and persisted during the whole treatment period and
after cessation.

Fluctuations of lymphocyte counts during a period with con-
tinuous oral immunosuppressive treatment in different doses were
carefully analyzed. No associations with dosage adjustment were
found. Dosage was reduced due to lymphopenia in two patients
(patient 3 and 10). In patient 10, EC-MPS treatment was discontin-
ued due to a persistent lymphopenia. However, concomitant pred-
nisone was continued and the lymphopenia did not recover after
discontinuation of EC-MPS.

Eight patients (patient 2–5 and 7–10) used an oral immunosup-
pressive drug taken in combination with prednisone at the time
of lymphopenia. In patient 2, 4, 5, and 9 lymphocyte counts
increased or normalized after cessation of prednisone, despite
continuation of the combined oral immunosuppressive drug.

Remarkably, almost all total white blood cell counts were
within the normal range at the time a decreased lymphocyte
count was measured (Figure 2).

No lymphopenia-related opportunistic infections or other ser-
ious infectious pathology were documented during the observa-
tion period. However, in patient 10, antibiotic prophylaxis for
Pneumocystiis jirovecii pneumonia (PJP) was started by the
immunologist due to a persistent lymphopenia.

CD41and CD81 T cell counts

In seven of the eleven patients (patient 1, 5–9, and 10) CD8þ and
CD4þ T cell counts were measured as suggested by the consulted
clinical immunologist (Figure 3). These patients were treated with
AZA (patient 1 and 6), AZA combined with prednisone (patient 5,
8, and 9), tacrolimus combined with prednisone (patient 7) and
prednisone monotherapy (patient 10). In patient 10, the immuno-
phenotyping was performed twice.

All CD4þ T cell counts in these seven patients were decreased
(Figure 3). The median CD4þ T cell count was 342 C/ll (IQR
126–470). CD4þ T cell counts were <200C/ll in two cases, assum-
ing an increased risk of (opportunistic) infections. The number of
CD8þ T cells was decreased in six of the seven patients. The
median CD8þ T cell count was 98 C/ll (IQR 57–136).

Discussion

In this retrospective study, we investigated the occurrence of lym-
phopenia in AD patients treated with oral immunosuppressive
drugs. A recurrent lymphopenia was seen in 11 patients. Patients
were treated with different immunosuppressive drugs, but con-
comitant treatment with prednisone seems to be a risk factor for
the development of lymphopenia. CD4þ T cell counts were
decreased in all patients in which immunophenotyping was per-
formed. In two patients, CD4þ T cell counts reached critically low

Table 1. Patient characteristics and lymphocyte measurements.

Total
Demographics n¼ 11

Male n (%) 6 (54.5)
Age at start therapy (years) median [IQR] 39.0 [32.5–43.8]
Immunosuppressive drugs per patient median [IQR] 3 [3–5]
Nadir during treatment median [IQR] 0.59 [0.46–0.68]

IQR: inter quartile range; Nadir: lowest lymphocyte count.
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Figure 1. Lymphocyte counts and treatment characteristics. A) Patient 1 (female, 62 years old); B) Patient 2 (male, 48 years old); C) Patient 3 (female, age 25); D)
Patient 4 (female, age 52); E) Patient 5 (male, age 55); F) Patient 6 (female, age 48); G) Patient 7 (male, age 49); H) Patient 8 (male, age 43); I) Patient 9 (female, age
55); J) Patient 10 (male, age 64); K) Patient 11 (male, age 43). AZA: azathioprine; CsA: cyclosporine A; EC-MPS: enteric-coated mycophenolate sodium; MTX: methotrex-
ate; LLN: Lower limit of normal (0.8� 109/L); � moment of immunophenotyping.

Figure 2. Total white blood cell counts and corresponding total lymphocyte counts. LLN: lower limit of normal; ULN: upper limit of normal.
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levels of <200 C/ll (one patient using AZAþ prednisone and one
patient using prednisone monotherapy). No lymphopenia-related
opportunistic infections or other serious infectious pathology were
documented during the study period.

Studies on the occurrence of lymphopenia in patients with AD
are lacking and limited data is available on other chronic inflam-
matory skin diseases. Lehman et al. (19) analyzed 198 patients
treated with immunosuppressive drugs for different dermatologic
indications (AD not included). Total lymphocyte counts were not
analyzed in this cohort, since this study was designed to define
the incidence of pneumocystis pneumonia. However, CD4þ T
lymphocyte counts were tested in 12 patients, of whom 5 patients
(41.7%) had low levels. Pneumocystis pneumonia developed in
one patient in this study, but CD4þ T cell counts were not meas-
ured in this patient.

Most data on the risk of lymphopenia in patients treated with
oral immunosuppressive drugs are derived from studies in non-
dermatological diseases (5–9). Lymphopenia is common in
patients with chronic inflammatory diseases treated with AZA,
MTX, cyclophosphamide, and prednisone and transplant recipients
treated with several combinations of immunosuppressive agents,
including AZA, MMF, CsA, and prednisone (5,7,8). Treatment with
combined immunosuppression appears to have a greater risk for
the development of lymphopenia (5,7). Al Rifai et al. (7) found
that in 66% of their IBD cohort treated with AZA, lymphopenia
resolved spontaneously with no change of AZA dosing. In most of
these cases, lymphopenia occurred within the first 3months
of treatment.

In our study, most decreased lymphocyte counts were found
during concomitant treatment with prednisone. This is in line with
previous studies in patients receiving chronic immunosuppressive
therapy for other conditions, that showed that the co-prescription
of systemic corticosteroids can be an additional risk factor for the
development of lymphopenia and opportunistic infections (5,7,20).

Total white blood cell counts measured at the time of a
decreased lymphocyte count, were almost all within the normal
range or even increased. This can be explained by the fact that
eosinophil numbers, one of the other subsets of the total white
blood cell count, are elevated in the peripheral blood in most AD
patients (21). In addition, prednisone can induce leukocytosis, pre-
dominantly due to the increase of neutrophils (22). Increased
eosinophil and neutrophil counts may compensate a decreased
lymphocyte count in making the total white blood cell count

normal. As a result, lymphopenia can be overlooked. It is therefore
important to monitor white blood cell count differential, instead
of total white blood cell counts in AD patients treated with oral
immunosuppressive drugs.

Immunosuppressive drugs can reduce all lymphocyte subsets,
but the circulating CD4þ T lymphocytes are generally the most
affected (9). In seven of our patients, immunophenotyping was
performed. CD4þ T lymphocyte counts were decreased in all
these patients. A low CD4þ T cell count is associated with an
increased risk of opportunistic infections, especially when CD4þ T
cells reach critically low levels (<200 C/ll) (23). In our study, two
patients had CD4þ T cell counts <200 C/ll; in these patients, no
opportunistic infections or other serious infectious pathology were
documented during the observation period. However, current
guidelines for the treatment of HIV infection recommend anti-
biotic prophylaxis for Pneumocystis jirovecii pneumonia when
CD4þ T cell counts are <200 C/ll (24).

Due to the retrospective design of this evaluation study, deci-
sions about (dis)continuing immunosuppressive treatment and
about starting antibiotic prophylaxis for PJP differed among indi-
vidual patients and physicians. Recently, more attention was paid
to the risk of infections in patients with persistent lymphopenia,
especially for the development of PML, but at the time these
patients received immunosuppressive treatment, no standardized
protocol was available. Since lymphocyte monitoring was not rec-
ommended in guidelines for the treatment of AD with oral
immunosuppressive drugs, there was no official recommendation
for dosage adjustment in the case of lymphopenia.

In this study, in all patients, immunosuppressive treatment was
continued, despite a recurrent or persistent lymphopenia, but an
immunologist was consulted in most of the cases. Patients were
frequently controlled and monitored for signs and symptoms of
viral or opportunistic infections. Dose reductions were made just
in a few patients. No serious infectious pathology was reported.
PJP prophylaxis was advised by the immunologist in one patient,
but not in the other cases. In the same patient, EC-MPS treatment
was discontinued due to a persistent lymphopenia. However, con-
comitant prednisone was continued and the lymphopenia did not
recover after discontinuation of EC-MPS.

In one of the included patients (patient 11) immunosuppres-
sive therapy was started, despite an already existing lymphopenia.
This patient was screened for HIV infection, leukemia, and lymph-
oma before treatment. The results were all negative and
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immunosuppressive therapy was started after consultation of a
clinical immunologist. Lymphopenia remained mainly stable dur-
ing immunosuppressive treatment and after discontinuation of
treatment in this patient.

Limitations

In literature, there is discussion on the definition of lymphopenia,
with lower limits of normal ranging from 0.8 up to 1.2� 109/L (9).
In our study, we defined lymphopenia as an absolute lymphocyte
count<0.8� 109/L, according to the Common Terminology
Criteria of Adverse Events (25).

One of the limitations of our study is the small number of
included patients. Due to the retrospective design of our study,
lymphocyte counts were measured inconsistently. Total white
blood cell count differential, which includes the total lymphocyte
count, was not included in the standard monitoring guidelines for
prednisone monotherapy and CsA treatment. This resulted in
absent lymphocyte counts in 84 patients out of the 360 patients
in the screened database. Besides, we defined a recurrent lympho-
penia as five or more lymphocyte counts below 0.8� 109/L.
Patients with four or less lymphocyte count measurements were
not included. If lymphocyte counts were more frequently meas-
ured, the number of patients with a recurrent lymphopenia might
have been higher. Therefore, we expect an underestimation of
patients with recurrent lymphopenia in this study.

It needs to be considered that many other factors can influ-
ence lymphocyte counts, such as comorbidities, physical or
physiological stress, co-medication, and age. This information was
often lacking, due to the retrospective design. Besides, viral infec-
tions can induce lymphopenia and older age is associated with
lower lymphocyte counts (26,27). Due to the tertiary character of
our hospital, information about the incidence of viral infections
(usually treated by the general practitioner or in secondary centers)
was insufficiently documented. No severe infections were reported
in the medical files in our hospital, but patients might have visited
their general practitioner for mild infections in the meantime.

Conclusion and recommendation

This study shows that recurrent lymphopenia is occasionally seen
in AD patients treated with oral immunosuppressive drugs. The
co-prescription of prednisone seems to be a risk factor. We did
not observe any major infectious pathology in the analyzed
patients; therefore the clinical implication of a recurrent lympho-
penia still remains unclear.

We suggest to include monitoring of lymphocyte counts in the
standard follow-up for all AD patients treated with oral immuno-
suppressive drugs. Monitoring total white blood cell count, which
is recommended in current guidelines, is not sufficient, since
lymphocyte counts can be decreased while total white blood cell
count is normal. Patients should be monitored for symptoms of
viral or opportunistic infections. In case of persistent lymphopenia,
consulting a clinical immunologist should be considered to decide
whether further analysis including immunophenotyping, dosage
adjustment or antibiotic prophylaxis for opportunistic infections is
required. Apart from that, the indication for immunosuppressive
treatment needs to be reevaluated in these patients.

Disclosure statement

The authors report no conflicts of interest.

References

1. DaVeiga SP. Epidemiology of atopic dermatitis: a review.
Allergy Asthma Proc. 2012;33:227–234.

2. Silverberg JI, Hanifin JM. Adult eczema prevalence and asso-
ciations with asthma and other health and demographic fac-
tors: a US population-based study. J Allergy Clin Immunol.
2013;132:1132–1138.

3. Bieber T. Atopic dermatitis. N Engl J Med. 2008;358:
1483–1494.

4. Roekevisch E, Spuls PI, Kuester D, et al. Efficacy and safety
of systemic treatments for moderate-to-severe atopic
dermatitis: a systematic review. J Allergy Clin Immunol.
2014;133:429–438.

5. Gluck T, Kiefmann B, Grohmann M, et al. Immune status and
risk for infection in patients receiving chronic immunosup-
pressive therapy. J Rheumatol. 2005;32:1473–1480.

6. Vogelin M, Biedermann L, Frei P, et al. The impact of aza-
thioprine-associated lymphopenia on the onset of opportun-
istic infections in patients with inflammatory bowel disease.
PLoS One. 2016;11:e0155218.

7. Al Rifai A, Prasad N, Shuttleworth E, et al. Natural history of
azathioprine-associated lymphopenia in inflammatory bowel
disease patients. A prospective observational study. Eur J
Gastroenterol Hepatol. 2011;23:153–158.

8. Hutchinson P, Chadban SJ, Atkins RC, et al. Laboratory
assessment of immune function in renal transplant patients.
Nephrol Dial Transplant. 2003;18:983–989.

9. Gergely P. Drug-induced lymphopenia: focus on CD4þ and
CD8þ cells. Drug Saf. 1999;21:91–100.

10. Duncan RA, von Reyn CF, Alliegro GM, et al. Idiopathic
CD4þ T-lymphocytopenia–four patients with opportunistic
infections and no evidence of HIV infection. N Engl J Med.
1993;328:393–398.

11. Cunningham-Rundles C, Bodian C. Common variable
immunodeficiency: clinical and immunological features of
248 patients. Clin Immunol. 1999;92:34–48.

12. van Oosten BW, Killestein J, Barkhof F, et al. PML in a
patient treated with dimethyl fumarate from a compound-
ing pharmacy. N Engl J Med. 2013;368:1658–1659.

13. Ermis U, Weis J, Schulz JB. PML in a patient treated with
fumaric acid. N Engl J Med. 2013;368:1657–1658.

14. Sweetser MT, Dawson KT, Bozic C. Manufacturer’s response
to case reports of PML. N Engl J Med. 2013;368:1659–1661.

15. Rosenkranz T, Novas M, Terborg C. PML in a patient with
lymphocytopenia treated with dimethyl fumarate. N Engl J
Med. 2015;372:1476–1478.

16. Nieuwkamp DJ, Murk JL, van Oosten BW, et al. PML in a
patient without severe lymphocytopenia receiving dimethyl
fumarate. N Engl J Med. 2015;372:1474–1476.

17. Longbrake EE, Naismith RT, Parks BJ, et al. Dimethyl fumar-
ate-associated lymphopenia: risk factors and clinical signifi-
cance. Mult Scler J Exp Transl Clin. 2015; [8 p.]. DOI:10.1177/
2055217315596994

18. Hanifin JM, Rajka G. Diagnostic features of atopic-dermatitis.
Acta Derm-Venereol. 1980;92:44–47.

19. Lehman JS, Kalaaji AN. Role of primary prophylaxis for
pneumocystis pneumonia in patients treated with systemic
corticosteroids or other immunosuppressive agents for
immune-mediated dermatologic conditions. J Am Acad
Dermatol. 2010;63:815–823.

20. Toruner M, Loftus EV, Jr., Harmsen WS, et al. Risk factors for
opportunistic infections in patients with inflammatory bowel
disease. Gastroenterology. 2008;134:929–936.

686 D. S. BAKKER ET AL.

https://doi.org/10.1177/2055217315596994
https://doi.org/10.1177/2055217315596994


21. Simon D, Braathen LR, Simon HU. Eosinophils and atopic
dermatitis. Allergy. 2004;59:561–570.

22. Nakagawa M, Terashima T, D'Yachkova Y, et al.
Glucocorticoid-induced granulocytosis: contribution of mar-
row release and demargination of intravascular granulo-
cytes. Circulation. 1998;98:2307.

23. Okafor PN, Nunes DP, Farraye FA. Pneumocystis jiroveci
pneumonia in inflammatory bowel disease: when should
prophylaxis be considered? Inflamm Bowel Dis. 2013;19:
1764–1771.

24. Kaplan JE, Benson C, Holmes KK, et al. Guidelines for pre-
vention and treatment of opportunistic infections in HIV-
infected adults and adolescents: recommendations from
CDC, the national institutes of health, and the HIV medicine

association of the infectious diseases society of America.
MMWR Recomm Rep. 2009;58:1–207.

25. National Cancer Institute. Common Terminology Criteria for
Adverse Events v4.0. NCI, NIH, DHHS. 2009 May 29; NIH pub-
lication # 09-7473.

26. Hussain T, Kulshreshtha KK, Yadav VS, et al. CD4þ, CD8þ,
CD3þ cell counts and CD4þ/CD8þ ratio among patients
with mycobacterial diseases (leprosy, tuberculosis), HIV
infections, and normal healthy adults: a comparative analysis
of studies in different regions of India. J Immunoassay
Immunochem. 2015;36:420–443.

27. Giefing-Kroll C, Berger P, Lepperdinger G, et al. How sex and
age affect immune responses, susceptibility to infections,
and response to vaccination. Aging Cell. 2015;14:309–321.

JOURNAL OF DERMATOLOGICAL TREATMENT 687


	Lymphopenia in atopic dermatitis patients treated with oral immunosuppressive drugs
	Introduction
	Methods
	Study population
	Statistical analysis

	Results
	Patient characteristics
	Analysis of lymphopenia
	CD4and CD8T cell counts

	Discussion
	Limitations

	Conclusion and recommendation
	Disclosure statement
	References


