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Abstract
BACKGROUND 
Warts are common in recipients of kidney transplantation (KT). Resistant warts 
which are not amenable to conventional therapies may lead to significant mor-
bidity. Limited data exists on safety and efficacy of local immunotherapy among 
immunocompromised KT recipients.

CASE SUMMARY 
We report a seven-year-old child who presented with recalcitrant plantar per-
iungual warts in the early KT period. Immunosuppression consisted of 
tacrolimus, mycophenolate and steroid. Due to failure of conventional anti-wart 
therapies, he was treated with two sessions of intralesional (IL) candida immuno-
therapy along with liquid nitrogen cryotherapy leading to complete resolution of 
the warts. Interestingly, de novo BK viremia was seen about three weeks 
following the last candida immunotherapy. This required reduction of immu-
nosuppression and other anti-BK viral therapies. Allograft function remained 
stable but there were donor specific antibodies detected. There also was elevated 
level of plasma donor derived cell-free DNA. A pneumocystis jirovecii pneumonia 
occurred ten months following completion of immunotherapy that was 
successfully treated with trimethoprim-sulfamethoxazole. During this ten-month 
follow-up period, there have been no recurrence of warts, and transplant kidney 
function has remained stable.

CONCLUSION 
Stimulation of cell-mediated immunity against the human papilloma virus 
induced by the IL candida immunotherapy is thought to be a cause for wart 
resolution. With this therapy, whether it is necessary to augment the immunosup-
pression to prevent rejection is unclear as that may come with a risk of infectious 
complications. Larger, prospective studies in pediatric KT recipients are needed to 
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explore these important issues.
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Core Tip: Warts are common after pediatric kidney transplantation. Given immunosuppressed status, most 
children are unable to clear the warts with conventional anti-wart therapies. Local immunotherapy has 
emerged as an excellent treatment modality for treatment of resistant warts following kidney 
transplantation. However, the safety of such agents needs careful consideration with longitudinal studies. 
Here, we studied the efficacy and safety of local candida immunotherapy in an immunocompromised child 
with kidney transplantation and recalcitrant plantar warts.
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INTRODUCTION
Cutaneous common warts (verruca vulgaris) are commonly seen after kidney transplantation (KT)[1-3]. 
In one study of 60 children and adolescents with KT, the incidence of warts was 28% with increased 
prevalence with time since KT. Plantar warts are the most common warts following KT[4]. The most 
common immunosuppressive regimen in these patients was tacrolimus and prednisone, in combination 
with either azathioprine or mycophenolate mofetil (MMF). The most commonly seen human papillo-
mavirus (HPV) strains responsible for common warts are HPV-2, 27, 29, 34 and 57[5]. Painful warts can 
impair the quality of life and cause significant morbidity[6]. Unlike in non-immunocompromised 
individuals, warts in KT recipients may not undergo spontaneous resolution. Although the risk of 
cancerous conversion is primarily seen with genital warts, multiple verrucae (> 10 verrucae) may be 
associated with the development of actinic keratoses, invasive squamous cell carcinoma and basal cell 
carcinoma[7]. Some of the treatment options are topical keratolytics such as salicylate, cryotherapy with 
liquid nitrogen, electrofulguration or radiofrequency ablation, duct tape, pulsed dye or CO2 laser, 
intralesional (IL) bleomycin, surgical removal with curettage or cautery, and IL immunotherapy[8]. 
Here we describe a seven-year-old KT recipient with recalcitrant plantar warts who had an excellent 
response to the IL candida immunotherapy with no recurrence in the short-term follow-up of ten 
months.

CASE PRESENTATION
Chief complaints
A seven-year-old Caucasian male presented with multiple wart-like lesions in the plantar aspect of both 
foot after KT.

History of present illness
The patient had received a pre-emptive first living unrelated donor KT with bilateral native nephrec-
tomies one month prior to the onset of the skin warts. He sustained early loss of renal allograft 
secondary to transplant renal artery thrombosis. Transplant kidney biopsy showed coagulative necrosis 
and he was transitioned to chronic hemodialysis until receiving a second deceased donor KT two 
months later with excellent allograft function. Induction immunosuppression (IS) for both first and 
second KT consisted of three doses of 1.5 mg/kg/dose ThymoglobulinR with steroid. Low dose 
tacrolimus and MMF were continued after the first failed KT. The first allograft was removed during the 
second KT. Maintenance IS for second KT consisted of tacrolimus, MMF and steroid. Serum trough 
tacrolimus level was maintained at the goal range.

History of past illness
The past medical history consisted of end stage renal disease secondary to posterior urethral valve. He 
however did not require dialysis given stable electrolytes and normal urine output. He had been 
immunized fully as per the routine childhood immunization schedule.
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Personal and family history
The patient’s personal and family history was otherwise unremarkable.

Physical examination
Physical examination of the patient showed normal vital signs and examination except for the abdomen 
with scar marks from prior surgeries and positive skin findings. Skin examination showed multiple 
verrucous papules and plaques on the anterior aspect of the plantar surface of foot bilaterally (Figures 
1A and B), and some papular lesions in the left thumb. There were no warts seen in the genital region or 
the oropharynx region. The warts were extremely painful and would wake him throughout the night. 
The patient had difficulty ambulating and had to be carried to the clinic visits.

Laboratory examinations
Complete blood count was normal. Renal allograft function remained stable after second KT with serum 
creatinine of 0.5-0.6 mg/dL. C-reactive protein was normal. Serum trough tacrolimus level was at the 
goal of 9-11 ng/mL in the first month post KT, then 8-10 ng/mL in the second month, followed by 6-8 
ng/mL from three to six months post KT. Urinalysis showed no proteinuria, hematuria or urinary tract 
infections. Given cytomegalovirus (CMV) mismatch, he received oral valganciclovir for six months post-
KT. CMV, Epstein-Barr virus and BK virus polymerase chain reaction (PCR)s were all negative until six 
months post KT. HPV genotyping of the warts was not done.

Imaging examinations
Chest X-ray was negative for pneumonia or other viral processes. Renal allograft sonogram was normal.

FINAL DIAGNOSIS
Plantar warts in a child with kidney transplantation.

TREATMENT
He was evaluated by dermatologist and was treated with lidocaine ointment, WartPEEL (17% salicylic 
acid and 2% 5-fluorouracil), WartSTICK (40% salicylic acid), and Differin (0.3% Adapalene gel) under 
occlusion for several weeks without any clinical improvement of the signs and symptoms. Six months 
after the first KT, he was treated with a first dose of CandinR (IL Candida albicans antigen) to the largest 
wart paired with liquid nitrogen cryotherapy. Second dose of IL CandinR and liquid nitrogen was 
administered four weeks later.

OUTCOME AND FOLLOW-UP
The patient had a significant improvement with almost complete resolution of the warts after two 
CandinR paired with liquid nitrogen cryotherapy. Complete resolution was indicated by complete 
disappearance of the hyperkeratosis and thickening of the skin. Due to the presence of few scattered 
lesions only, a third dose of liquid nitrogen cryotherapy was administered two months later without IL 
CandinR. There were no side effects observed such as blister, infection, post-inflammatory altered 
pigmentation, scarring or anaphylaxis. During a ten-month follow-up period since the second and last 
CandinR therapy, there have been no recurrences of the warts (Figure 1C).

Three weeks after the first CandinR injection, a follow-up whole blood BK virus deoxyribonuclease 
(DNA) PCR showed BK viral load of 159000 copies/mL (ARUP laboratories, Salt Lake City, UT, United 
States). His immunosuppression regimen had been same as before and his allograft function was stable. 
Following this, his tacrolimus dose was reduced with a lower trough goal level of 3-5 ng/mL, 
mycophenolate was discontinued and leflunomide was started. Over the next one year, his BK virus 
DNA PCR showed persistent positivity with a peak viral load of 453000 copies/mL seven months post 
last CandinR therapy. He then received two monthly intravenous (IV) immunoglobulin therapies and a 
course of IV cidofovir with the most recent BK virus load of 6280 copies/mL ten months after the last 
CandinR therapy (Figure 2). The most recent immunosuppression regimen consists of tacrolimus 2 mg 
twice daily, prednisone 10 mg daily and leflunomide 20 mg daily.

Donor specific antibodies (DSA) were obtained monthly as a part of the transplant center’s protocol. 
Four months after the last CandinR injection, weak DSA to class I antigens [B58, C12; 2500 mean 
fluorescent intensity (MFI) for both] were observed. Subsequently, strong DSAs against class II antigen 
(DQ6, 10000 MFI) also started appearing a month later. However, the serum creatinine remained stable 
around 0.6-0.7 mg/dL. He was treated with intravenous immunoglobulin and a dose of Rituximab 375 
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Figure 1 Response to CandinR treatment. A: Plantar warts before CandinR treatment; B: Periungual plantar warts before CandinR treatment; C: Resolution of 
plantar warts after CandinR treatment.

Figure 2 Association of CandinR treatment with BK viremia, donor specific antibodies and pneumocystic carinii pneumonia. DSA: Donor 
specific antibodies; IVIG: Intravenous immunoglobulin; PJP: Pneumocystic carinii pneumonia.

mg/m2. A kidney transplant biopsy could not be obtained due to parental hesitation. However, a 
plasma donor-derived cell-free DNA (dd-cfDNA) test showed elevated value of 1.21% (reference range: 
< 0.7% dd-cfDNA, Viracor TRAC kidney dd-cfDNA, Eurofins Transplant Genomics, Framingham, MA, 
United States). A decision was made to serially follow the dd-cfDNA and DSA closely given stable 
serum creatinine.

Ten months after the last CandinR therapy, he presented with hypoxia and respiratory distress with 
chest X-ray showing ground-glass opacities in the lungs. He underwent bronchoscopy; the PCR of the 
bronchoalveolar lavage was positive for pneumocystis jirovecii and diagnosed with pneumocystis jirovecii 
pneumonia (PJP). He was treated with trimethoprim-sulfamethoxazole with complete resolution of 
respiratory symptoms. Immunosuppression was kept the same with a goal trough tacrolimus level of 3-
5 ng/mL.

DISCUSSION
In patients with cutaneous warts with suboptimal or no response to conventional anti-wart therapies, IL 
immunotherapy may be useful[9,10]. Various IL immunotherapy regimen have been described such as 
candida antigen, mumps antigen, measles mumps rubella vaccine, purified protein derivative and 
bacilli calmette-guerin vaccine[10]. One systematic review showed 68% cure-rate of local immuno-
therapy in plantar warts, as opposed to low cure rate with topical salicylic acid and cryotherapy[11]. A 
randomized placebo-controlled trial by Horn et al[12] showed excellent efficacy of IL candida, mumps 
or trichophyton skin test antigens. The possible mechanism of action of immunotherapy is the prolif-
eration of HPV-specific peripheral blood mononuclear cells that possibly mediate an immunologic 
attack against the wart tissue[13].
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Data on efficacy of IL candida in children is scarce[14]. Alikhan et al[15] reported a retrospective 
study of 100 adults and children with verruca vulgaris who were treated with IL purified candida 
antigen therapy with 39% complete response and 41% partial response rate. In their study, six out of 
seven patients who were immunocompromised demonstrated partial or complete response rate. The 
proposed mechanism is via stimulation of a cell-mediated immune response. Phillips et al[13] 
retrospectively reviewed adults and children who received monthly IL candida antigen with 72% 
complete resolution rate. Another retrospective study of 220 children with multiple and recalcitrant 
warts who received IL candida injections showed 71% and 17% complete and partial response rates 
respectively. There were no side effects reported except for some discomfort at the time of injection[16]. 
IL Candida immunotherapy has also been shown to be efficacious in treating the distant non-injected 
warts[17]. Whether the similar results are expected in immunocompromised individuals needs to be 
studied on a larger scale.

With regards to immunosuppressed patients, the prevalence of warts corresponds with the duration 
of immunosuppressive therapy, increasing to 50%-92% in patients who are more than 4-5 years after 
transplantation[3]. Our report is unique in that the onset of warts was fairly rapid following KT. In most 
HPV infections in immunocompetent individuals, the cellular and cytotoxic immunity provided by T 
cells and natural killer cells are sufficient to control the warts[18]; however, in immunocompromised 
patients, due to lack of cell-mediated immunity, the proliferation of virus occurs causing warts, 
sometimes in unusual locations such as bladder[19,20]. Indeed, a few studies have reported clearance of 
the warts with reduction or cessation of immunosuppression only in KT recipients[21,22]. Conversion to 
another anti-rejection agent may be useful as well. Nguyen et al[23] reported 4 children with warts and 
molluscum contagiosum who benefited from conversion from tacrolimus/mycophenolate to 
tacrolimus/Leflunomide. Conversion to sirolimus has been shown to be effective for recalcitrant 
cutaneous viral warts in liver transplant recipients[24,25]. There is not much data on the efficacy of the 
IL immunotherapy. In patients who do undergo local immunotherapy, it is not known whether 
immunosuppression decreases the efficacy of local immunotherapy such as IL candida. Immunosup-
pression usually is at the maximal level during the first few months of KT and it will be interesting to 
study the efficacy of these immunotherapies during this period of maximal immunosuppression. On the 
other hand, there are also potential safety concerns with stimulating cell-mediated immunity with IL 
Candida therapy leading to rejection[26]. Few studies done in the children on warts have not looked at 
these longitudinal issues[4]. In our patient, there was a temporal relationship between the onset of BK 
viremia and CandinR therapy along with observation of DSA, elevated dd-cfDNA, and PJP a few 
months following the completion of CandinR. However, we could not establish a direct cause and 
relationship between IL candida and these findings. Since dd-cfDNA has been shown to diagnose 
subclinical rejection even in the absence of deranged renal function, this test may be important in 
children who have underwent IL candida therapy for establishing an early diagnosis of rejection and 
possibly close monitoring and treatment[27]. In those with concurrent viral infections and elevated dd-
cfDNA, it is challenging to decide the amount of immunosuppression, as in our case. Also, since 
children with current BK viremia have been shown to have significantly higher median plasma dd-
cfDNA, the importance of elevated dd-cfDNA in this subset of children is uncertain[28]. Also, as seen in 
this report, there may be as association between BK virus and HPV as both belong to the human 
papovavirus family. These are important topics of discussion that will need to be studied in further 
larger studies.

CONCLUSION
A decision of whether to treat with immunotherapy such as IL candida in immunocompromised 
transplant recipients is challenging due to concerns with efficacy and the possibility of rejection, and 
perhaps infections. Well-designed prospective studies are needed in the future to determine the efficacy 
and safety of this potentially curative treatment for the recalcitrant warts.
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