
start

• ?



Medications after kidney transplantation 

&

improved treatment of infections
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• Stanford University



Life gained by transplant

• USRDS 2017 

report



Timeline of Post-Transplant Infections

•

Cocci



Viruses may be dangerous . . . .



Infection Prevention

• Pre-Transplant

• Post Transplant- Prophylaxis and Surveillance

• Post Transplant- Living



Infection Prevention

• Pre-Transplant

• Infection Risk Assessment

• Immunizations



Infection Exposure History
• Family members and household members:

• Treatment for active/latent TB 

• Vaccine history

• Animal exposure

• Pets, farm animals, petting zoos

• Recent insect bites – ticks, mosquitoes

• Sexual activity

• If sexually active, consider testing for: Syphilis, GC & Chlamydia

• Diet

• High risk foods 

• Unpasteurized dairy products



Infection Exposure History
• Travel history, especially past 2 years

• California Central Valley, Utah, Nevada, Arizona, and New Mexico

consider Coccidioides.

• Ohio River Valley consider: Histoplasma

• Mexico consider: Coccidioides, Histoplasma, Strongyloides

• South America consider: Coccidioides, Histoplasma, Toxoplasma 

and Trympanosoma cruzi (Chaga’s)

• Europe consider: Toxoplasma

• Nile, Africa, Some parts of South America consider: Schistosoma

• Significant time living in or born in TB endemic country & BCG



Climate Change is Changing Map

• Coccidioidomycosis



Immunization

• Normal schedule



Infection Prevention

• Pre-Transplant

• Infection Risk Assessment

• Immunizations

• Post Transplant Prophylaxis and Surveillance

• Antivirals, antimicrobials, antifungal



Urinary Tract Infection

• Many transplant patients have a ureteral stent 

placed at time of transplant 

• Typically removed by Urology 3-6 weeks after 

transplant. 



Three months after renal transplantation: 

Pneumocystis



CMV Retinitis



Surveillance ± Preventive Therapy

• Pneumocystis (PJP)

• Trimethoprim-sulfa, pentamidine, atovaquone, dapsone

• EBV & CMV

• Antiviral PCR Surveillance

• Prophylactic/preemptive treatment with valacyclovir or valganciclovir

• BK Virus

• Antiviral surveillance->Thoughtful immunosuppressive therapy reduction

• Coccidiodomycosis

• Fluconazole (for life?)



Infection Prevention

• Pre-Transplant

• Infection Risk Assessment

• Immunizations

• Post Transplant Prophylaxis and Surveillance

• Antivirals, antimicrobials, antifungal

• Post Transplant Living

• Infection Risk

• Immunizations



What’s wrong with this picture?

• Liver tx



VACCINATIONS

• SIMPLE RULE OF THUMB:

“Do NOT give patients LIVE or 

LIVE ATTENUATED VACCINES 

after transplantation” 



BOARD STYLE QUESTION
A transplant patient on the same tacrolimus dose for 5 years started on a health 

food diet and OTC herbal products. His tacrolimus levels have  abruptly 

decreased to unacceptably low levels, putting him at risk for rejection. The 

coordinator accused him of being noncompliant, but the patient insisted he was 

taking his  medication as prescribed.

What is your assessment?

A. This patient is becoming noncompliant and is in denial; he needs an immediate 

psychiatry consult

B. This patient is taking grapefruit extracts.

C. This patient is taking St. John’s Wort. 

D. This patient is taking creatine supplements, which increase the activity of P-

glycoprotein, leading to enhanced tacrolimus excretion

E. This patient is taking echinacea, which activates renal tubular excretion of 

tacrolimus.



CYP3A4 Inducers (Lower drug levels)

Class Inducing Drug

Antiseizure Medications Carbamazepine

Fosphenytoin

Oxcarbazepine

Phenobarbital

Phenytoin

Anittuberculosis Rifabutin

Rifampin

Antiviral Efavirenz

Others Bosentin

Modafanil

St. John Wort
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DRUG INTERACTIONS



CYP3A4 Inhibitors (increase level)   

Class Inhibiting Drugs

Antibacterial (macrolide) Clarithroymycin, Erythromycin

Antidepressants Fluvoxamine, Nefazodone

Azole Antifungals Fluconazole, Voriconazole, Itraconazole etc

Calcium Channel Blockers Diltiazem, Verapamil

Foods Grapefruit, pomegranate

Protease Inhibitors (Hep C) Boceprevir, Telaprevir

Protease Inhibitors (HIV) Atazanavir, darunavir

Fosamprenavir, indinavir

Nelfinavir, ritonavir, saquinavir

Others Amiodarone, Dalfopristin, Statins

Tacrolimus/Cyclosporine



COVID 19 Therapies (as of today)

• Changing minute by minute



Risk of Graft Loss by CURRENT Age

• The chance that a 13 year old will still have the same 

transplanted kidney at age 23… is <50% 



The changing adolescent brain

Giedd, J. Scientific American 2015



timing of brain maturation

• Time gap may explain why adolescence is a period of 
heightened experimentation with risky behaviors.

• Increased risk of 

• violence/criminal activity

•kids under 18 years account for 25% of all violent 
crime in USA

• drug & alcohol experimentation

• unsafe sexual activities

• medication noncompliance



Rumspringa

• is a term for a rite of passage during adolescence, 

translated in English as "running around", used in 

some Amish and Mennonite communities

• Lasts about 2 years
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Adult Post-transplant nonadherence

• Risk increases when medication regimen is: 

•Frequent dosing

•Complicated regimen, multiple drugs and dosage 

frequencies

•Drug side effects

• Forgetfulness is a powerful barrier



Barriers to Adolescent Transplant Adherence

•



Adherence Patterns in Pediatric Epilepsy

•

42%

13%

26%

13%7%

Like Brushing your teeth

-Random, disorganized

-Benefit from problem solving 

and organizational strategies

-Occasionally miss doses with 

no consequence, so, believe 

meds are not important

-A decision



Patterns of post-transplant nonadherence

1. Greenstein S, et al. Transplantation 1998;66:1718–26

2. Rianthavorn P, et al. Pediatr Transplant 2005;9:398–407

▪ Forget to take medications

→ Simplified regimens are recommended

▪ Believe missing medication won’t hurt 

them

→ Patient education

▪ Active independent decision to 

ignore

→ Most difficult to treat

Prevalence of nonadherence (%)

0 25 50

47%

28%

25%Decisive

Invulnerable

Unintentional



Variation of Drug Levels

• Van Gelder



In pediatric kidney transplant recipients, is tacrolimus level variability 

associated with bad outcomes?

Conclusion: In pediatric kidney transplant recipients, high 

tacrolimus intrapatient variability was associated with de 

novo DSA formation.  

Single center

All children with 

kidney transplant,

2004-2018

n = 426 patients

Visual Abstract by Joel Topf          @Kidney_Boy

Outcome 

cohort

Loci 5

SORL1

Loci 6

PLLP

Tacrolimus coefficient of 

variation 30% (IQR 21-41%)
220 patients with data on 

de novo C1q-binding 

donor-specific antibody (DSA)

38%
(IQR 28-48)

Median 

coefficient 

of variation

Formed de novo DSA

28%
(IQR 20-38)

No de novo DSA

Median 

coefficient of 

variation over 30% HR 5.0
de novo DSA

Kim H. Piburn, Vaka K. Sigurjonsdottir, Olafur S. Indridason, et al. 

Patterns in Tacrolimus Variability and Association with De Novo 

Donor-Specific Antibody Formation in Pediatric Kidney Transplant 

Recipients. CJASN doi: 10.2215/CJN.16421221. 



Tacrolimus Variability & Outcome

• dsa



Influence of dosing frequency on adherence
Prospective multicentre cohort study in 278 renal transplant recipients

1. Weng FL, et al. J Am Soc Nephrol 2005;16:1839–48
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daily

3 to 
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Likelihood of adherence

*p=0.003 vs twice-daily dosing

1.00

0.43

2.35* 

0 0.5 1.0 1.5 2.0 2.5



Immediate release tacrolimus vs Envarsus

• 24



Once Daily Mycophenolate

• All three



Once a day observed therapy

• Any time that works!

• A single reliable person

• Parent, Grandparent, older sib or relative, neighbor

• School or school teacher, coach or nurse during 

school days



Belatacept

• Costimulation blockaid

• Every 4 weeks IV

• Low doses of oral meds necessary



New onset Diabetes Mellitus after transplant 

(NODAT)

• African genetic background or Hispanic

• Family History

• Obesity

• Hepatitis C Virus infection

• Pre-existing glucose intolerance

• High steroid dose

• Cystinosis



Incidence of Pediatric NODAT

• 20-35% for TAC

• 2-9% for Cyclosporine 

• Reviewed by Garro et al. Ped. Neph 2015;30:405-

416 

IGT = Impaired 

Glucose Tolerance



Adult NODAT
• Retrospective review of 54 adult renal allograft 

recipients with NODAT on TAC/MMF/Pred

• 34 patients switched to cyclosporine

• 42% (14) recovered from NODAT

• 20 patients stayed on tacrolimus

• No recovery



Pediatric NODAT
• Retrospective study of 45 pediatric and young 

adult cases of NODAT

• In 6 cases, TAC was switched to cyclosporine

• 3 of those (50%) recovered from NODAT



Diabetes is bad for young kidney transplant patients



NODAT

• Consider rapid switch to belatacept





Costimulation Story

Signal 1

CD 154

CD 40
CD 80/86

CD 28

Signal 2


