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Abstract. These guidelines discuss the epidemiology, screening, diagnosis, posttransplant prophylaxis, monitoring, and
management of endemic infections in solid organ transplant (SOT) candidates, recipients, and donors in South Asia. The
guidelines also provide recommendations for SOT recipients traveling to this region. These guidelines are based on literature
review and expert opinion by transplant physicians, surgeons, and infectious diseases specialists, mostly from South Asian
countries (India, Pakistan, Bangladesh, Nepal, and Sri Lanka) as well as transplant experts from other countries. These guide-
lines cover relevant endemic bacterial infections (tuberculosis, leptospirosis, melioidosis, typhoid, scrub typhus), viral infections
(hepatitis A, B, C, D, and E; rabies; and the arboviruses including dengue, chikungunya, Zika, Japanese encephalitis), endemic
fungal infections (mucormycosis, histoplasmosis, talaromycosis, sporotrichosis), and endemic parasitic infections (malaria,
leishmaniasis, toxoplasmosis, cryptosporidiosis, strongyloidiasis, and filariasis) as well as travelers’ diarrhea and vaccination
for SOT candidates and recipients including travelers visiting this region. These guidelines are intended to be an overview of
each topic; more detailed reviews are being published as a special supplement in the Indian Journal of Transplantation.

(Transplantation 2023;107: 1910-1934).

)

INTRODUCTION

Infections are an important cause of morbidity and mor-
tality in solid organ transplant (SOT) recipients.! Although
many infections are common worldwide, there are differ-
ences in rates and types of infections in various geographic
locations. According to Transplant data from Global

Observatory on Donation and Transplantation, an esti-
mated 13700 SOTs were performed in South Asia (SA)
(India, Pakistan, Bangladesh, Nepal, Sri Lanka, Bhutan,
Maldives) in 2019, of which 12666 (92%) were done in
India® (Figure 1). A majority (10635) were kidney trans-
plants, followed by liver (2708), heart (218), lung (114),
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FIGURE 1. Map of South Asian region with number of solid organ transplants (2019). Total number of solid organ transplants in South

Asia, n=13700.°

and pancreas (25).> About 83% of kidney and 66% of
liver transplants used living donors, which puts India
among the countries with the highest numbers of living
donors for SOTs (Table 1). In addition to performing
transplants for its own citizens, Indian centers perform
transplant procedures for patients from the Middle East,
Africa, Myanmar, Afghanistan, Nepal, and central Asia
(Uzbekistan, Tajikistan, Turkmenistan, Kirgizstan).

The SA region is home to many tropical diseases and
accounts for one-quarter of the world’s soil-transmitted
helminth infections, one-third of the global deaths from
rabies, and 50% of the global burden of lymphatic filaria-
sis, visceral leishmaniasis (VL), and leprosy.” The region is
also experiencing an emerging problem with major arbo-
virus infections, that is, Dengue, Japanese encephalitis,
Chikungunya, and Zika Virus. Other important neglected
tropical diseases, such as strongyloidiasis, toxocariasis,
leptospirosis, and amebiasis, also represent a significant
burden.

Travel to and from this region for tourism and work
is common, including for transplant recipients. According
to data from the Indian Ministry of Tourism, approxi-
mately 18 million international tourists visited India in

2019 (Figure 2). Other infection risks for travelers include
malaria, dengue, chikungunya, typhoid, hepatitis, and
tuberculosis (TB).*

Thus far, there are no guidelines for screening SOT
recipients (SOTRs) and donors for these endemic infec-
tions in SA, the best methods of prevention and proph-
ylaxis, and what advice should be given to recipients
traveling in and out of this region. Similar guidelines
have been developed for other geographic regions.’ To
address this unmet need, a SA transplant working group
including transplant physicians, transplant surgeons, and
infectious disease specialists from India, Pakistan, Sri
Lanka, Bangladesh, Nepal, and other parts of the world
was created. The first meeting of the working group was
done in February 2019, and it was attended by lead-
ing transplant physicians, surgeons, and infectious dis-
ease specialists from various reputed institutes in India
(including the All India Institute of Medical Sciences,
Delhi, Post-Graduate Institute of Medical Sciences,
Chandigarh, Sanjay Gandhi Post Graduate Institute,
Lucknow, Christian Medical College, Vellore, Medanta-
Medicity, Gurgaon, Madras Medical College Chennai,
along with many others) along with leading experts from
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TABLE 1.

Number of transplants performed in South Asia in 20192

India Southeast Asia Global

Actual DDs 715(0.52) 1016 (0.63) 41860 (6.88)
Actual DD after brain death 715 (0.52) 1016 (0.63) 32861 (5.4)
Actual DD after circulatory death ) (S 8999 (1.48)
Total kidney transplants 9751 (7.12) 10635 (6.62) 107540 (17.67)
Deceased kidney transplants 1138 (0.83) 1698 (1.06) 65868 (10.83)
Living kidney transplants 8613 (6.29) 8937 (5.56) 41672 (6.85)
Total liver transplants 2592 (1.89) 2708 (1.69) 39968 (6.57)
Deceased liver transplants 599 (0.44) 697 (0.43) 28977 (4.76)
Living liver transplants 1991 (1.45) 2009 (1.25) 9987 (1.64)
Heart transplants 187 (0.14) 218 (0.14) 9266 (1.52)
Lung transplants 114 (0.08) 114 (0.07) 7151 (1.18)
Pancreas transplants 22 (0.02) 25(0.02) 2508 (0.41)
Small-bowel transplants =) =) 146 (0.02)
Total organ transplants 12666 (9.25) 13700 (8.53) 166579 (27.38)

Data presented in absolute number and rate per million inhabitants (pmp).
DD, deceased donor.

Number of international tourist arrivals in India from 2010 to 2020 (in millions)

2010

201 2012 2013 2014

Addtional Information:

FIGURE 2. Number of international visitors in India.

Nepal, Bangladesh, Pakistan, and Sri Lanka. The various
topics and authors were decided, and subsequent work-
ing group meetings were held virtually because of the
coronavirus disease 2019 (COVID-19) pandemic. A final
meeting was conducted in February 2022 to review and
confirm the final version.

These guidelines address the pretransplant screening of
donors and transplant candidates for endemic infections,
posttransplant prophylaxis, and management of infections,
along with travel and vaccination guidelines (Tables 2-6).
Because there is a paucity of published literature specific to
this region, the guidelines comprise a combination of lit-
erature review, expert opinion, and unpublished data from

2015 2016 207 2018 2019 2020

leading transplant centers in this region. These guidelines
will aid the transplant specialists in this part of the world
as well as those elsewhere who take care of recipients who
have traveled to the region.

ENDEMICBACTERIAL INFECTIONS

Mycobacterium Tuberculosis
Background and Epidemiology

TB is highly endemic in SA, so a thorou gh evalua-
tion for active infection before transplantation in recipi-
ents and donors (because it can be transmitted via the
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Routine screening for potential SOT donors and recipients in South Asia
Test Candidate Deceased donor Living donor
HIV
Fourth-generation Ag/Ab screen Yes Yes Yes

NAT No Yes If high-risk behavior®®
CMV IgG antibody Yes Yes Yes
EBV IgG Yes Yes Yes
Hepatitis B virus

HBsAg Yes Yes Yes

Anti-HBc Ab Yes Yes Yes

HBV DNA If liver transplant Yes If anti-HBc+

Anti-HBs Ab Yes Yes Yes
Hepatitis C virus

Antibody testing Yes Yes Yes

NAT Yes Yes Liver transplant or positive antibody
Strongyloides 1gG Yes Yes Yes
Toxoplasma IgG (heart transplant) Yes Yes Yes
Syphilis screening by enzyme immunoassay (TP-EIA)  Yes Yes Yes
(with additional testing if positive)
Mycobacterium TB History of close contact or past history NA History of close contact or history of
TST or IGRA of inadequately treated TB inadequately treated TB
Urine culture Yes Yes Yes
Blood culture If indicated clinically Yes If symptoms

“Intravenous drug users, men who have sex with men, multiple sex partners.

Ag/Ab, antigen/antibody; anti-HBc Ab, anti—hepatitis B core antibody; anti-HBs Ab, anti-hepatitis B antibodies; CMV, cytomegalovirus; EBV, Epstein—Bar virus; HBsAg, hepatis B surface antigen; IgG,
immunoglobulin G; IGRA, interferon-gamma release assay; NA, not available; NAT, nuclear acid test; SOT, solid organ transplant; TB, tuberculosis; TP-EIA, Trepenoma pallidum enzyme immunoassay;

TST, tuberculin skin test.

TABLE 3.

Screening for infections endemic in South Asia

Infection Test Screening in Candidate Deceased donor Living donor

Tuberculosis TST or IGRA History of contact or past history of NA History of contact or past history
inadequately treated TB of inadequately treated TB

Melioidosis Culture No No No

(regional)

Histoplasma Antigen Urine No No No

Penicillium marneffei ~ Culture Yes, if clinical disease suspected  Defer donor Yes, if clinical disease suspected

Sporothrix (regional)  Culture Yes, if clinical disease suspected  Defer donor Yes, if clinical disease suspected

Malaria Smear and antigen test  Yes, if clinical disease suspected  Yes, Yes, if clinical disease suspected

Leishmania (Bihar,
Nepal)

Strongyloides

Hepatitis E

Rabies

Dengue

Leptospira

Filariae (North India)

Leishmania antigen/
antibody

Strongyloides IgG

IgM HEV

IgM

NS1 antigen/IgM

lgM

Filarial antigen or micro-

Yes, if clinical disease suspected

Yes, if suspected

Yes, if clinical disease suspected

Yes Yes Yes
Yes, if elevated LFTs Yes, if elevated LFTs Yes, if elevated LFTs
No Yes, if unknown encephalitis  no

In peak season
Yes, if clinical disease suspected
Yes, if clinical disease suspected

Yes
Yes, if suspected
If suspecting

In peak season
Yes, if clinical disease suspected
Yes, if clinical disease suspected

filariae in blood

HEV, hepatitis E virus; Ig, immunoglobulin; IGRA, interferon gamma release assay; LFT, liver function test; NA, not available; TB, tuberculosis; TST, tuberculin skin test.

transplanted organ) is required. Worldwide, TB is the
13th leading cause of death and the 2nd leading infectious
killer after COVID-19 (above HIV/AIDS). In 2020, an
estimated 10 million people developed TB worldwide.'”
SA is home to 25% of the total world population and has
40% of the global TB population. According to the India
TB Report 2020, there were an estimated 2.69 million
cases of TB in India, accounting for a quarter of all global

TB cases.'” TB is 20 to 74 times as frequent and carries
a high mortality in SOTRs.""™" The reported incidence
of TB in SOTRs in SA is 5.7% to 12.3%.''1% In SOTRs,
atypical and insidious presentations are more frequent.
About two-thirds of patients present with illness localiza-
ble to an organ. Pleuropulmonary involvement is encoun-
tered in <40% of patients, disseminated disease is seen in
20% of patients, and isolated lymph node involvement is
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TABLE 4.

Infection prevention advice for SOT recipients traveling to South Asia

Infection Advice to travelers visiting endemic region

Tuberculosis Use N95 masks when in the vicinity with a person with active TB, avoid prolonged and close contact with person with active
TB, and avoid crowded places with poor ventilation.

Typhoid fever Drink bottled water from a reliable source, frequently wash hands, and get vaccinated before travel to endemic area.

Leptospirosis Avoid close contact with livestock and domestic animals. In case of high-risk scenarios, use chemoprophylaxis with doxycy-
cline 200 mg once a week during exposure.

Melioidosis Avoid exposure to soil and rainy water and avoid traveling to endemic regions during natural calamities like tsunami and
floods.

Scrub Typhus Protect against bite of the vector (mite) and minimize outdoor activities when visiting the endemic areas.

Mucormycosis Avoid areas with heavy construction and moist surroundings. Air filter/AC should be regularly cleaned to prevent coloniza-
tion with Mucor species.

Histoplasmosis Avoid going to construction areas, being exposed to caves, and working on poultry farms.

Talaromycosis Avoid highlands in endemic areas especially during the rainy season.

Sporotrichosis Avoid skin-penetrating trauma or contact with cats and wear appropriate gloves during gardening activities.

Arboviruses: chikungunya,

dengue, and Zika virus treated clothing, coils, and vaporizers.

Reduce skin exposure to mosquito bites with barrier methods, such as insect repellents and long-sleeved or permethrin-

Travelers spending extensive time in Japanese encephalitis endemic areas are recommended to get vaccinated before travel.
Avoid exposure to stray dogs, cats, and monkeys. Transplant recipients expecting intense exposure to rabies are advised

pre-exposure rabies vaccination (0 and 7 d) and postvaccination titers should be checked.

Avoid undercooked meat and unwashed fruits and vegetables, which may possibly be contaminated with oocysts of

Malaria Chemoprophylaxis against malaria should be taken.
Japanese encephalitis
Rabies
Toxoplasmosis
Toxoplasma.
Leishmaniasis

Minimize outdoor activities, especially during dusk hours, when sand flies are most active. Wear protective clothing, apply insect

repellent (ie, DEET) to exposed skin, use pyrethroid-treated bed nets, and spray dwellings with residual-action insecticides.

Travelers diarrhea and
strongyloidiasis

Do not walk barefoot.
HAV and HEV

Avoid drinking from unsafe sources of water and avoid swimming in streams or lakes. Frequent handwashing is advised.
Any uncooked food, poorly cooked food, or food that is not fresh should not be eaten.

Maintain sanitation, personal hygiene, and food safety to prevent HAV and HEV infections. Impurified drinking water, including

ice cubes; raw or inadequately cooked meat; inadequately washed raw salads; and unpeeled vegetables and fruits should be
avoided. Boiling and chlorination of water will inactivate HEV, and it is safe to drink bottled water from reliable manufacturers.

SOT recipients should receive the HAV vaccine series before travel to moderate- to high-risk infection areas, and (ideally)
seroconversion should be assessed before travel.

AC, air conditioning; DEET, diethyl meta tolumide; HAV, hepatitis A virus; HEV, hepatitis E virus; SOT, solid organ transplantation; TB, tuberculosis.

seen in about 5% of patients.'' A range of X-ray mani-
festations can be seen, including atypical nonapical and
diffuse interstitial infiltrate, miliary pattern, nodules, and
pleural effusions. About one-fifth present with fever of
unknown origin.'"!?

Evaluation and Management of Prospective Donors
for Active TB

Living Donors

A detailed TB screening history of living donors is man-
datory, which includes symptoms of active disease and a
history of TB. If a living donor is asymptomatic with a
normal physical examination, usually only a screening
chest X-ray is done. If there is clinical or radiological sus-
picion, follow-up investigations include a high-resolution
computed tomography (CT) scan or approaches to get a
microbiological or histological diagnosis (sputum exami-
nation, bronchoalveolar lavage [BAL], needle aspiration,
or biopsy).'®

Living donors with active TB should not be accepted
without adequate treatment. The optimal duration of treat-
ment in a donor is not clearly defined, but common prac-
tice in the region is to proceed with the transplant surgery

after at least 2 mo of intensive treatment with 4 drugs,
including rifampicin (RIF), and documentation of clinical
and radiological response. This treatment period should be
extended if there is any evidence of incomplete response,
either clinically or radiologically. Because of more limited
dialysis facilities and the high chances of other complica-
tions in the recipient, this approach may be considered for
those who do not want to wait for a full treatment, after
a detailed discussion of the risks and benefits. There was
consensus among experts that in such a situation, albeit
rare in our region, the recipient should be given isoniazid
(INH) prophylaxis for 6 mo (assuming susceptibility in the
donor’s strain, otherwise another agent or agents should
be chosen) and should be kept under close clinical obser-
vation for evidence of TB in either the graft or elsewhere.

If the donor has multidrug-resistant (MDR) TB, then
they should not be accepted before finishing the complete
course of antituberculous treatment and documentation of
complete remission.

Deceased Donors

Deceased donors can present more of a challenge, as
a good medical history may be harder to obtain; care-
ful evaluation of radiographs/CTs of the deceased donor
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TABLE 5.

Vaccination in SOT candidates and recipients in South Asia

Vaccine name and

type

Doses and interval before
transplant

Doses and interval after
transplant

Comment

CovID

Diphtheria, pertussis,
tetanus (inactivated)

Herpes Zoster

Live vaccine (Zostavax)

Inactivated (RZV- Shingrix)

Hepatitis A

Inactivated

Live attenuated

Hepatitis B

Inactivated

Human papilloma virus
Inactivated

Influenza

Inactivated

Live

Measles, Mumps, Rubella
Live vaccine
Meningococcal
Inactivated
Pneumococcal
Inactivated—conjugated

polysaccharide
Typhoid
Inactivated

Varicella
Live vaccine

2 doses 4wk apart (or as per individual
vaccine recommendation)

Part of universal immunization

One booster 10y

2 doses 4wk apart

2 doses 4wk apart

2 doses, 6 mo apart
at least 8 wk before transplant

3—4 doses before transplant,

double dose in those with CKD and dialysis

3 dosesat0, 1,6 mo

Trivalent or quadrivalent—single dose

Single dose at least 4 wk before transplant

Should be completed 4 wk before
transplant
2 doses, 8wk apart in those at risk

1 dose PCV-13, followed after 8wk by 1
dose PPV23

Polysaccharide: 1 dose

or

conjugated: 1 dose

Pretransplant 2 doses 1 mo apart

Booster as required
Booster every 10y

Contraindicated
RZV can be given posttransplant

Booster not required
Contraindicated after transplant

Booster dose if antibody titer <10 mU/mL

Should be completed after transplant if
not fully vaccinated

1 dose annually

Contraindicated after transplant

Contraindicated

Booster once in 5y

Booster dose PPV23 after 5y

Polysaccharide: needs booster 3 y

Booster not required

Contraindicated

Protective levels not defined

Should be given to travelers to South
Asia

Serology testing 4-wk after complete
dose

Double dose after transplant as in CKD

Females aged 11-26 y (preferable)?

Inactivated vaccine can be given as
soon as 1-3 mo after transplant

Contraindicated after transplant

Should be given before splenectomy,
before eculizumab, or going on Haj

Before travel is required

“fficacy reduces significantly after 26 y but it can be given until 45y of age.
CKD, chronic kidney disease; COVID, coronavirus disease; PCV 13, pneumococal conjugate vaccine; PPV23, pneumococcal polysaccharide vaccine; RZV, recombinant zoster vaccine; SOT, solid organ

transplantation.

TABLE 6.

Considerations for vaccines for SOT recipients traveling to South Asia

Vaccine/type

Doses and interval after
transplant

Gomment

Cholera/inactivated
Hepatitis A/inactivated-live

Typhoid vaccine/inactivated
Rabies/inactivated
Japanese encephalitis/

inactivated-live
Dengue/live

2 doses 1wk apart

Complete before travel

Inactivated, 2 doses, 6 mo apart
Live vaccine is contraindicated
Polysaccharide-

Complete before travel, consider documenting seroconversion
Can give immunoglobulin for prevention
Needs booster every 2 y

Conjugated: 1 dose

Preexposure - 3 doses at d 0, 7, and 21 or 28 d
Postexposure prophylaxis at d 0, 3, 7, and 14

2 doses 4wk apart
Live vaccine is contraindicated
Contraindicated

Booster not required

Often given for higher-risk travel
Immunoglobulin is required after bite along with vaccine

Complete vaccination before travel; often only given for longer
travel or to high-risk regions (UP, Bihar)
Take precautions against mosquito bites instead

SOT, solid organ transplantation.

may provide information about their TB status. Deceased
donors with known or suspected active TB should not be
accepted.'® If active TB is found in the transplanted organ,
then the recipient should be initiated on full antitubercular

treatment, and recipients of other organs should be noti-
fied of the risk. Donors with a history of completed TB
treatment should be further evaluated, and if either acid-
fast bacillus smear or molecular tests are positive, then
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they should be rejected; however, if the tests are negative or
the result is pending, then donation can be considered after
explaining the risk to the recipients.'® Lungs from donors
with significant residual damage from prior TB should not
be used for donation."”

Screening for Latent TB Infection in Donors

The World Health Organization/Centers for Disease
ControlandPrevention/American Society of Transplantation
and other guidelines suggest testing and treatment of latent
TB infection (LTBI) before transplantation.>”'® However,
most SA centers do not screen donors for LTBI. The reason
for not doing routine screening is that most people in SA
are vaccinated with Bacille Calmette Guerin and exposed
to TB, which interferes with tuberculin skin test/purified
protein derivative (TST/PPD) and the other reason is that
the other test, that is, TB-specific interferon-gamma release
assay (IGRA, ie, QuantiFERON-TB, T-SPOT.TB) is costly
and not yet validated for use this region. The sensitivity
and specificity of these tests are poor in our setting.'” The
Revised National TB Control Program of India does not
recommend universal screening for LTBI in the general
population.?’ There was consensus that screening should
be considered for living donors who have a history of close
contact with an individual with active TB or those with a
history of inadequately treated TB; however, these tests are
not validated in deceased donors (Table 2).

Transplant Candidate Screening and Management of
Active TB

A thorough history, including prior exposures and his-
tory of TB and a chest X-ray, should be obtained from all
prospective recipients. Anyone with clinical and radiologi-
cal evidence of active TB should be investigated further.
Transplant candidates who develop ascites or pleural effu-
sions should be evaluated for active TB. It is important to
do adenosine deaminase and rapid molecular diagnostic
tests (ie, GeneXpert/RIF) for TB in these situations because
stains and cultures for acid-fast bacillus and other tests
may be less sensitive and with delayed results.'>*!

The optimal duration of treatment for active TB before
proceeding to transplant remains controversial; however,
wherever possible, completion of treatment in the pretrans-
plant period itself is recommended.”’ This is a common
practice in SA to accept these patients after 8 wk of inten-
sive treatment with 4 drugs, including RIF, given the high
cost and lack of universal availability of long-term dialy-
sis in patients with kidney failure and critical condition
of patients with liver failure. Because RIF, a cytochrome
P450 3A4 enzyme inducer, accelerates the metabolism of
calcineurin inhibitors (CNIs), thus raising the dose needed
to maintain therapeutic levels by 3- to 4-fold, further treat-
ment should be continued with 3 drugs, including INH,
ethambutol, and either fluoroquinolones/pyrazinamide
to complete 1 y of treatment. A recent study from India
used a levofloxacin-based regimen (without RIF) in their
patients after transplant, and they were successful in full
remission in >90% of patients.**

Screening for LTBI in Transplant Candidates

In contrast to most recommendations from the devel-
oped countries, screening for LTBI is not done in most

www.transplantjournal.com

transplant centers in SA in asymptomatic patients with
normal chest X-ray, abdominal ultrasound, and without
any history of TB in close contact or history of inade-
quately treated TB (Table 3).

There are 2 choices for a screening test—TST/PPD and
IGRA assays. The former is limited by the high likelihood
of cutaneous anergy, making the test false negative even
in those with latent infection; further pretransplant TST
positivity had low sensitivity and specificity for predict-
ing posttransplant TB, so this test should not be used for
either screening or for diagnosis.'”*>** Regarding IGRAs,
there are no studies on the use of IGRAs and their predic-
tive value in patients with kidney failure and transplant
recipients in SA. Even from other regions, these studies
have been largely inconclusive.”’

Global recommendations to screening for latent TB are
based on the assumption that individuals with LTBI are at
a high risk of progression to active TB after transplantation;
a screening test would be reliably able to identify those with
LTBI with a high degree of sensitivity and specificity, and safe
and effective chemoprophylactic approaches are available.
Current evidence supporting these assumptions in transplant
recipients in high-endemic regions of SA is limited, and rec-
ommendations are largely expert opinions. A relatively small
proportion of patients are impacted by these guidelines in
high-income countries where the population prevalence of
TB is low, but the implications (financial, logistic, increased
burden on the health system) are significant for low-resource
countries of SA with high population prevalence.

Some centers may wish to consider routine screening for
LTBI preferentially using IGRA, that is, QuantiFERON-TB,
T-SPOT.TB over TST/PPD. IGRA or TST/PPD should be
performed in those with a history of TB in close contact
or with a history of inadequately treated TB in SA. Given
the public health importance of this recommendation,
appropriately designed studies are needed to ascertain the
positive predictive values of IGRA in kidney failure popu-
lations in this region.

Prophylaxis for LTBI

Routine prophylaxis for LTBI is not practiced in SA,
given the lack of good assays to reliably identify LTBI in
this population, the high prevalence of resistance to RIF or
INH (the primary drugs used for LTBI treatment), and the
risk of hepatotoxicity. The challenge of addressing drug-
resistant TB is critical for India, because India contributes
>27% of global drug-resistant TB cases. The First National
Anti-Tuberculosis Drug Resistance survey in India showed
that 23% of new cases had resistance to any drug, with
INH resistance in 11% and 25% in new and previously
treated TB cases, respectively.”® Indeed, resistance to INH,
the cornerstone of chemoprophylaxis, has been identi-
fied as the biggest challenge affecting TB control in India.
Widespread use of INH alone is likely to further fuel
resistance.”® Studies from India and Pakistan show that
although a standard course of INH decreases the risk of
developing TB posttransplant, there is no effect on overall
mortality and substantial risk of liver damage.?”**

In a recent review of 41 cohort studies of LTBI proph-
ylaxis in SOTRs, there was a reduction in the incidence
of TB in patients who received prophylaxis; however, the
risk of hepatotoxicity was 6% in non-liver recipients and
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10.9% in liver recipients.”’ Further studies are required to
know the benefits or harms of prophylaxis in SOTRs.

There was no consensus on the best approach to the treat-
ment of LTBI. The proposed approaches include INH daily
for 6 to 9 mo, RIF daily for 4 mo, and INH and rifapentine
weekly for 3 mo."® Liver function should be monitored reg-
ularly in all patients. Chemoprophylaxis should be initiated
before transplant and can be continued posttransplant if
using INH, although it should not be used after transplant
if RIF-based regimen is used given its drug interactions. The
panel highlighted the need for randomized controlled trials
to generate evidence around the efficacy and cost-effective-
ness of screening using IGRA and the treatment of LTBI
among organ transplant recipients in SA.

Posttransplant Monitoring for TB

A high index of suspicion for TB after transplant is
necessary, given the high incidence of TB in the region.
Observational studies show a very high lifetime increase
in the risk of TB in transplant recipients and the myriad,
often atypical presentations, including prolonged fever.'"”
15 Early use of sensitive radiological investigations (eg,
CT scan) and invasive procedures to obtain specimens for
microbiological or histological tests is critical in making a
diagnosis.”’ Sometimes, the diagnosis is made retrospec-
tively after a favorable response to antitubercular therapy
in cases with fevers of unknown origin.

Treatment of TB After Transplant

For the treatment of TB after transplant, standard prac-
tice is to use 4 drugs initially: INH, ethambutol, pyrazina-
mide, and levofloxacin for 2 to 3 mo, and later on continue
with 3 drugs INH, ethambutol, and either pyrazinamide
or levofloxacin to complete the treatment for 12 mo. A
number of observational studies from SA have shown the
efficacy of a re%ime in which RIF is replaced with fluo-
roquinolone.'**3% If possible, patients should receive the
standard 4-drug treatment (including RIF); however, RIF
is a potent inducer of cytochrome A 450 and can lead to a
marked reduction in the levels of CNIs, thus increasing the
risk of acute rejections in 30% of cases and graft loss in
20%." The interaction is sometimes unpredictable, and it
can reduce the CNI levels by 2 to 5 times. Rifabutin can be
used as a substitute for RIF if a patient is having miliary or
disseminated TB, because it is a less potent inducer of CYA
P 450 3A4 enzyme and found to be equally effective.’’ The
dose of rifabutin at 5 mg/kg/d is similar to RIE

The blood levels of CNIs and mammalian target of rapa-
mycin inhibitors should be regularly monitored in patients
treated with rifamycin (RIF, rifabutin) and the doses should
be adjusted accordingly. Using rifamycin as one of the drugs
for the treatment of posttransplant TB would increase the
cost significantly because of the high doses of CNIs/mam-
malian target of rapamycin inhibitors needed to maintain
the levels and the requirement for frequent drug monitor-
ing. As a result, the panel recommends a rifamycin-free reg-
imen as the standard approach to treating posttransplant
TB in this region except in special situations.

Advice to Travelers to SA

Transplant recipients should follow standard precau-
tions if traveling to SA: use N95 masks when in the vicinity
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of a person with active TB, avoid prolonged and close con-
tact with persons with active TB, and avoid crowded places
with poor ventilation. Posttravel testing with TB-specific
IGRAs may be recommended for those who had higher
risk exposures or longer durations of travel in endemic
areas and is generally more sensitive in immunocompro-
mised transplant recipients; however, TST may sometimes
be a valid and cheaper alternative in some situations.

Typhoid (Enteric) Fever

Background and Epidemiology

Typhoid fever is caused by Salmonella enterica serovar
Typhi, typically via ingestion of contaminated food or
water, and presents with fever and gastroenteritis. Some
regions of SA have a high incidence of typhoid fever.** In
India, the incidence is reported to be as high as 235 to
976/100 000 persons per year.>® The United States Centers
for Disease Control and Prevention reported that in 2016,
77% of cases of typhoid fever were detected after travel
to India, Pakistan, and Bangladesh.** Although typhoid is
not typically a latent infection, it can persist in certain indi-
viduals, such as those with gallstones.

Clinical Features and Diagnosis

After an incubation period of 2 to 3wk, a patient
usually presents with headache and high-grade fever.
Gastrointestinal disturbances like abdominal pain, diar-
rhea (in children), or constipation are commonly observed.
“Rose spots” (faint salmon-colored macules on the trunk
and abdomen) may be seen in some patients during the
second week of the illness.”® If left untreated, the patient
may develop intestinal bleeding and ileocecal perforation
in the third week of symptoms leading to peritonitis and
septicemia.’®*” Some patients might develop neurological
manifestations like altered sleep 3paltterns, acute psychosis,
meningitis, and encephalopathy.’”*® In a series of 3 cases
of Salmonella in renal transplant recipients, the disease
course was more serious than in nonimmune-compro-
mised patients.>”

Any patient with protracted fever for more than a week
and who is living in or visiting an endemic region should
be evaluated for enteric fever. The gold standard of the
diagnosis is blood cultures with an adequate amount of
blood.*” Widal test or Typhi dot immunoglobulin (Ig)
M have poor sensitivity and specificity, so they are not
recommended.*’

Donor and Candidate Screening

Routine pretransplant screening of healthy donors or
candidates is not recommended. There are no published
reports of transmission of Salmonella through an organ
transplant.

Management

The usual treatment of choice for Salmonella infec-
tions is fluoroquinolones if the isolate is sensitive; how-
ever, in SA, resistance to fluoroquinolones is seen in >80%
of isolates, so it is not the preferred drug in SA.*' In the
surveillance of enteric fever in the Asia project study,
MDR strains (ie, resistant to amoxicillin, trimethoprim—
sulfamethoxazole [TMP-SMX], chloramphenicol), were



PISTGHIRA+ZY8eAAJAVO/FIAEIDVIASALLIAIPO0AEIEAHION/AOAUMYTXIOMADYOINX

POHISABZIYTCA+ePNIOITWNOTIZTARMHAOSHAIAYE AQ reusnofiuejdsue/woo’ mm| sfeulnol//:dny woly papeojumod

£202¢/50/0T uo

1918 Transplantation m September 2023 m Volume 107 ®m Number 9

detected in a minority of strains from India, Nepal, and
Bangladesh, whereas the majority of strains from Pakistan
showed MDR.* The majority of the Salmonella isolates
are susceptible to azithromycin and ceftriaxone. However,
resistance to ceftriaxone (extremely drug-resistant) is
increasingly being described in Pakistan.*’ In patients with
a diagnosis of enteric fever in SA, the drug of choice is
injectable ceftriaxone for 2wk or azithromycin for 1wk;
however, in Pakistan, the drugs for enteric fever would
be a combination of meropenem for 10 to 14 d along
with azithromycin for 1wk.** Adjuvant corticosteroids
may be combined with drug treatment in patients with
encephalopathy.

Prevention

There are not enough data to recommend routine
vaccination against typhoid. Vaccination of transplant
recipients may be considered during an outbreak. Of the
2 available vaccines, the live attenuated vaccine, Ty21a,
should not be given. A typhoid conjugate vaccine, Typbar-
TCV has recently been prequalified for use in several
countries and can be given after transplant.*’ Vaccine effi-
cacy in these pre- and posttransplant populations has not
been studied.

Travelers to SA

Any SOTRs visiting the SA region should be advised to
get vaccinated with a conjugated vaccine® (preferable, for
a more robust immune response) or the polysaccharide
vaccine against typhoid before traveling, avoid drinking
water direct from a tap, pumps, or well, avoid raw pro-
duce, and wash hands frequently.*®

Leptospirosis

Background and Epidemiology

Leptospirosis is a zoonotic disease caused by the genus
Leptospira, a pathogenic spirochete. It is endemic in SA,
especially in several south and east Indian states, that
is, Andaman and Nicobar, Gujarat, Karnataka, Kerala,
Mabharashtra, Odisha, and Tamil Nadu.*”*® The peak
occurs in summer and epidemics after monsoons and
heavy rainfall.*” Humans acquire infection by penetration
of the spirochete via abraded skin or mucous membrane.*’
Farmers, veterinarians, sewage workers, and animal han-
dlers are at higher risk.

Clinical Features and Diagnosis

Leptospirosis should be considered as a differential
diagnosis in all community-acquired febrile illnesses.*’
Myalgia, conjunctival suffusion, jaundice, hemorrhage,
and acute kidney injury are common symptoms. There are
reports of liver transplantation because of liver failure by
leptospirosis.*”

The gold standard for diagnosis of leptospirosis is the
microscopic agglutination test with a 4-fold or more rise
in titers in paired samples. IgM enzyme-linked immuno-
sorbent assay (ELISA) is a more sensitive test, which is also
used for screening but may be false negative in a trans-
plant recipient.*** Polymerase chain reaction (PCR) is
more specific but not widely available in the region.’! The
urine culture can remain positive for many weeks after
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infection and PCR can remain positive for months, which
may reflect the detection of both live and dead bacteria.”

Donor and Recipient Screening and Donor’s
Acceptance Criteria

Routine Donor Screening in Asymptomatic Donors or
Candidates Is not Recommended®

There is a possibility of transfusion-transmitted leptospi-
rosis from donors with asymptomatic infection. Screening
should be done if a candidate or donor has significant epi-
demiologic risk or exposure. Donation should be deferred
for 3 mo after a donor has recovered from leptospirosis.

Management in Transplant Recipients

Treatment is as in nonimmunosuppressed population
with intravenous penicillin and ceftriaxone for severe dis-
ease. Doxycycline, azithromycin, amoxicillin, or ampicillin
can be used for milder cases.*’

Recipients Traveling to an Endemic Region

Travelers should avoid close contact with livestock
and domestic animals, touching soil, freshwater, or
objects that might be contaminated from animal urine.
Chemoprophylaxis with doxycycline 200 mg once a week
may be used during periods of high-risk exposure.’?

Melioidosis

Background and Epidemiology

Melioidosis is caused by the facultative Gram-negative
rod Burkholderia pseudomallei, an environmental sapro-
phyte. Melioidosis is endemic in some areas of SA: India,
Nepal, Bangladesh, and Bhutan.’* In India, the majority of
cases are reported from of Karnataka and Tamil Nadu.**
Transmission can occur via cutaneous inoculation, inha-
lation, aspiration, and occasionally ingestion. Diabetes,
chronic lung disease, chronic kidney disease, and excessive
alcohol use are risk factors.’

Few cases of melioidosis following organ transplan-

tation have been reported and most of them are from
India.’®®

Clinical Features and Diagnosis

Melioidosis is often called “the great mimicker.” An
acute febrile illness with pneumonia is the most common
presentation. Bacteremia is seen in up to 55% to 60% of
cases and is associated with higher mortality.’® Other man-
ifestations include visceral abscesses involving the liver,
spleen, kidney and prostate, septic arthritis, osteomyelitis,
and intramedullary abscess are also seen.>>>’

Infection with B pseudomallei can be latent and subse-
quently reactivated, and this can pose a significant prob-
lem in organ transplant recipients during the period of
heightened immunosuppression. In various case reports of
transplant recipients from India, patients presented with
septicemia, septic arthritis, pyrexia of unknown origin,
genitourinary, and pulmonary manifestations.**®

Screening Recommendation

Healthy donors and recipients do not need pretransplant
screening; as of date, no published case has been reported
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to be because of reactivation from latent focus post—organ
transplant; therefore, more studies are required.

Management

Treatment is done in 2 phases—an intensive phase with
beta-lactams like ceftazidime and carbapenems,’ followed
by TMP-SMX for the eradication phase. Doxycycline is an
alternative for those who cannot tolerate TMP-SMX.

Prevention and Prophylaxis

Renal transplant recipients should avoid exposure to
soil and water during the rainy season and should stay
indoors during natural disasters like tsunamis and floods.
TMP-SMX given as part of routine prophylaxis in the early
posttransplant period may protect against melioidosis and
could be considered in high-risk situations; however, the
doses for prophylaxis have been suggested to be high.>’

Recipients Traveling to Endemic Areas

Travelers should use waterproof boots and gloves to
protect against contact with soil and water in endemic
areas and clean skin lacerations, abrasions, or burns con-
taminated with soil or surface water.>> Melioidosis needs
to be included in the differential diagnosis of fever of
unknown origin in transplant recipients who have traveled
to endemic areas.

Scrub Typhus
Background and Epidemiology

Scrub typhus is caused by an intracellular bacterium
Orientia tsutsugamushi and transmitted by the Trombiculid
mite.®® Scrub typhus has been reported widely in India and
Pakistan and is a major cause of pyrexia of unknown ori-
gin.®®®! Risk factors include living in rural areas, sleeping
outdoors, and recent rainfall, conditions that increase the
risk of mite bites.®” Only 1 case of scrub typhus infection
has been reported in a kidney transplant recipient 4 y after
transplant, presenting with fever, myalgia, headache, and
vomiting.

Clinical Features and Diagnosis

Manifestations include isolated fever, maculopapular
rash (eschar), lymphadenopathy, liver dysfunction, pneu-
monitis, menmgms/menmgoencephahtls acute kidney
injury, and septic shock.®®®® Eschars may be overlooked
if present in areas that are missed on the clinical exami-
nation, like the axilla, inframammary area, groin, etc. It
can cause severe disease in SOTRs.%* Diagnosis requires
the demonstration of IgM antibodies or nucleic acid test-
ing by PCR.%?

Donor and Candidate Screening

Routine screening is not recommended, because this
is an acute infection, and there are no suitable tests for
screening.

Management

Doxycycline is the drug of choice; longer treatment may
be indicated for transplant recipients. Azithromycin, RIE
and chloramphenicol are alternative therapies.®®

Bansal et al 1919

Prevention and Recipients Traveling to an Endemic
Region

Prevention strategies include protection against the bite
of the vector. When visiting endemic areas, transplant
recipients should avoid areas with lots of vegetation and
brush where mites/chiggers may be found.>

ENDEMIC FUNGAL INFECTIONS

Mucormycosis
Background and Epidemiology

Mucormycosis is an invasive fungal infection caused
by Mucorales species, a common saprophytic fungus.®* A
heavy burden of fungal spores during construction, con-
taminated air filters, and healthcare-associated devices have
been linked to nosocomial acquisition.®* A review of several
Indian studies revealed a prevalence rate of 0.14 cases/per
1000 population, 70 times the worldwide rate.®* Invasive
mucormycosis is among the most common invasive fun-
gal infections in SOTRs in India.’ Risk factors include
renal failure, diabetes, prolonged neutropenia, corticoster-
oid use, and prior voriconazole or caspofungin use.®*¢®
Mucormycosis has been reported in India as a sequelae to
COVID-19 infection in both the general population and kid-
ney transplant recipients.®”*® The diagnosis is established
by symptoms, typical imaging findings, cultures, and the
presence of broad, aseptate hyphae in biopsy samples.®>®’

Donor Screening

Specific testing is not done in non—lung donor; however,
donor screening should be performed for lung recipients
from deceased donors by pretransplant bronchoscopy
specimens. The diagnosis is made by the presence of pauci-
septate or nonseptate hyphae with a ribbon-like appear-
ance in BAL samples from the lung by direct microscopy.
The fungal culture is positive in only 50% of cases.®’

Candidate Screening

Routine candidate screening is not recommended.
Bronchoscopy should be performed for the post—lung
transplant in the recipient.

Prevention and Prophylaxis

An epidemiological history should be obtained before
transplant from high-risk patients, that is, those with
poorly controlled diabetes, neutropenia, or on immuno-
suppressive medications. Recipients should be advised
to control their diabetes and to avoid areas with heavy
construction and moldy surroundings.®**® Corticosteroid
doses should be kept as low as possible.®®® Air filters and
conditioners should be regularly cleaned to prevent coloni-
zation with Mucorales species.®*®” Posaconazole or other
antifungals active against Mucorales species would rou-
tinely be used for recipients of donor lungs that are colo-
nized with Mucorales species on pre- or posttransplant
resp1ratory culture and may be considered in organ recipi-
ents requiring very high levels of immunosuppresssion.®®*’

Management

Wide surgical excision or debridement, reversal of
underlying risk factors, along with antifungal treatment
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is the mainstay of treatment.®**” Liposomal ampho-
tericin B should be used as induction therapy followed
by Posaconazole or similar as maintenance therapy.®*¢%¢°
The duration of treatment for invasive mucormycosis is
based on clinical and radiological resolution.

Recipients Traveling to an Endemic Region

Travelers should be advised to avoid areas with heavy
construction and moist or moldy surroundings.

Histoplasmosis

Background and Epidemiology

Histoplasma capsulatum infection is endemic in the
northeast region and the Gangetic belt of India and
is increasingly reported from other parts of SA.”%7*
Histoplasma thrives in a warm and humid environment
such as soil enriched with nitrogenous compounds and
phosphates derived from avian excreta and bat guano.”
The infection is usually acquired through the inhalation of
microconidia. Posttransplant histoplasmosis is rare, with
an estimated incidence of <1%, even in endemic areas.”
Transplant-associated infections surveillance network
reported a 12-mo cumulative incidence rate of histoplas-
mosis of 0.1%.”> The median duration of presentation
from the time of transplant in 1 series from India was
5y (range, 1.5-5 y).”! Most infections in western data
occurred within 1 to 2 y posttransplant.

In transplant recipients, the disease may develop because
of reactivation of latent infection or new exposure after
transplantation. Rarely transmission can occur via trans-
planted organs.”

Clinical Features and Diagnosis

The presentation is nonspecific with fever, lymphadenop-
athy, and nodules/infiltrate on chest imaging and can mimic
TB.”73 Diagnosis requires demonstration of the fungus in
blood, fluid, or tissue specimens obtained by bronchoscopy
or FNAC/biopsy.”'”? In patients with disseminated infec-
tion, blood cultures using a lysis centrifugation system
and Histoplasma antigen in urine and body fluids (BAL,
cerebrospinal fluid [CSF]) can help in early diagnosis.®”
Serology is not very useful for diagnosis in immunocom-
promised patients. Awareness of the possibility of histo-
plasmosis is necessary when investigating a posttransplant
febrile illness in a patient from an endemic area.

Donor Screening and Acceptance Criteria

Routine screening of asymptomatic donors for histoplas-
mosis is not recommended, because donor-derived infection
(DDI) has rarely been described, and the screening tests are
not sufficiently sensitive/specific.”>’® Donors with active
histoplasmosis are excluded from donating organs.”®”
Radiographic sequelae of old histoplasmosis are not con-
sidered a contraindication for transplant. Donors with the
recent disease may be considered after treatment for 3 to 6
mo with a resolution of signs and symptoms of active dis-
ease and clearance of Histoplasma antigen.®’®

Recipient Screening and Posttransplant Monitoring

Pretransplant screening for histoplasmosis is of limited
value.>® Recipients with pretransplant histoplasmosis
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should be monitored for reactivation disease. However,
if they undergo organ transplant within 2 y of diagnosis,
serial Histoplasma antigen monitoring in urine may be
helpful, and secondary prophylaxis with itraconazole may
be considered.”"®

Prevention and Prophylaxis, Including for Recipients
Traveling to Endemic Areas

Because histoplasmosis is acquired from the environ-
ment, posttransplant patients should be advised to avoid
construction areas, exposure to caves, and working on
poultry farms in endemic areas. Primar; éprophylaxis is not
recommended after organ transplant.”

Management

Mild to moderate localized disease is treated with
itraconazole. Severe disease is treated initially with lipo-
somal amphotericin B followed by itraconazole. The
minimum duration of treatment of posttransplant histo-
plasmosis is 12 mo, guided by clinical and radiographic
responses.’>’°

Talaromycosis

Background and Epidemiology

Talaromycosis (formerly penicilliosis) is caused by
dimorphic fungus Talaromyces marne ;ei, endemic in
Southeast Asia and Northeast India.”>”” Human infec-
tion occurs via inhalation of T marneffei spores found in
infected soil, often associated with bamboo rats.”” The
infection is seen in people living in highland areas in the
endemic regions because of occupational exposure to crops
or livestock or those traveling to farming areas.”® The dis-
ease increases in rainy seasons and is associated with high
mortality in organ transplant recipients.”®”’

Clinical Features and Diagnosis

Manifestations are similar to histoplasmosis and TB,
for example, fever, weight loss, cough, anemia, lymphad-
enopathy, and hepatosplenomegaly.”””? Skin lesions are
seen only in 30% to 60% of patients, and biopsy can help
with diagnosis.””””® Blood cultures can take up to 2wk
to grow. Immunoassays for rapid diagnosis are under
development.

Pretransplant Donor and Candidate Screening

Screening is not recommended in asymptomatic individ-
uals, because there is no good screening test. Those living
in endemic areas who have chronic skin or lymphocutane-
ous lesions should undergo a biopsy.®”®

Prophylaxis

Primary prophylaxis has no role; however, secondary
proghylaxis with itraconazole can be given for 6 to 12
mo.”®

Management
Treatment requires the use of amphotericin B lipid
formulation for 2wk (4-6wk for central nervous system

[CNS] disease), followed by oral itraconazole for a mini-
mum of 10wk.”>"®
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Recipients Traveling to Endemic Areas

Travelers to endemic regions should be advised to avoid
highlands and soil, especially during the rainy season.’?

Sporotrichosis

Background and Epidemiology

Sporotrichosis is a subacute or chronic subcutaneous,
granulomatous mycosis caused b7y Sforothrix schenckii or
S globosa and is common in SA.”** Hay, corn stalks, and
soil are possible sources, and infection occurs after direct
contact after minor trauma or direct inhalation.®” Infected
cats can also be a potential source of infection. Epidemics
of sporotrichosis have been reported in Africa, mainly
because of sapronotic transmission in miners and farm-
ers.’! In India, sporotrichosis is common in the sub-Him-
alayan area of Himachal Pradesh in the north and West
Bengal and Assam in the east.’**> SOTRs can develop
severe disseminated sporotrichosis.®*

Clinical Features and Diagnosis

Lymphocutaneous disease (skin lesions, ulceration, and
lymphadenopathy) usually develops 2 to 4wk after expo-
sure. Other manifestations include conjunctivitis, uveitis,
and hematogenous dissemination to the lung, CNS, and
bone marrow in severe cases.*%*

The diagnosis is established by the identification of
Sporothrix in infected tissue on microscopy or tissue cul-
ture. Serological ELISA test using the Sporothrix schenckii
Con A-binding fraction has proven effective for the detec-
tion of IgG antibodies in the serum of patients with cuta-
neous sporotrichosis with high sensitivity and specificity
rates of 90% and 80%, respectively; however, there are lit-
tle data in sensitivit}f and specificity of these tests in trans-
plant recipients.®%*

Pretransplant Donor and Candidate Screening

Routine screening is not recommended in asymptomatic
individuals. Donors or candidates from endemic regions
with the presence of chronic skin or lymphocutaneous
lesions should be screened with histopathology and cul-
ture of tissue biopsy.>’® Newer antibody-based tests can
be used if available.

Management

Systemic, pulmonary, or CNS disease should be treated
with a lipid formulation of amphotericin B for 4 to 6 wk,
followed b;r therapy with oral itraconazole for a minimum
of 12 mo.”>® Mild infections can be treated with itra-
conazole. Terbinafine and potassium iodide solutions are
alternatives.®” The duration of therapy and the need for
secondary prophylaxis depends on clinical and radiologi-
cal improvement.

Recipients Traveling to Endemic Areas

Recipients should be advised to avoid skin-penetrating
trauma or contact with cats and to wear gloves during gar-
dening activities.”

ENDEMIC VIRAL INFECTIONS

Endemic viral infections are common and very challeng-
ing to treat, especially in immunocompromised patients.
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In this section, we will cover some of the more common
pathogens, although, in the right clinical setting, consid-
eration should be given to additional emerging pathogens
such as Nipah (primary from contact with pigs or bats),
the tick-borne Nairovirus (which causes Crimean-Congo
hemorrhagic fever), and other viruses. Measles is common
and should be prevented by prior disease or pretransplant
vaccination.

Arboviruses: Chikungunya, Dengue, and Zika Virus

Background and Epidemiology

Chikungunya virus, dengue virus, and Zika viruses are
endemic in the region and transmitted by urban Aedes
species, predominantly Aedes aegypti and Aedes albopic-
tus.55% Dengue seroprevalence studies from India and Sri
Lanka have shown a positivity rate of 43% to 57%.5-%¢
Zika outbreaks have been reported in Kerala, Rajasthan,
Madhya Pradesh, and Uttar Pradesh.*® In addition to
acquisition in the community, these infections can be trans-
mitted from the transplanted organ.” Perioperative dengue
transmission has been described in both liver and kidney
transplant recipients in India; however, it is not com-
mon.*”*° The recipients with DDI had difficult posttrans-
plant courses with prolonged hospitalization and the need
for intensive care unit stay and platelet transfusions.®””

Clinical Features and Diagnosis

Arbovirus infections present with acute febrile illness,
along with rash, myalgia, arthralgia headache, nausea,
vomiting, and conjunctival injection.®*”*® Arthralgia is
universal and severe in the chikungunya virus.”! Dengue
fever is associated with transaminitis, leukopenia, throm-
bocytopenia, hemorrhage, and shock.”™*  Systemic
involvement (meningoencephalitis, respiratory failure,
myocarditis, renal and hepatic failure) is seen in severe chi-
kungunya.”’' Zika is usually associated with mild disease;
however, it can lead to microcephaly in newborns born
to mothers infected during pregnancy and Guillain-Barre
syndrome.®® SOTRs have higher chances of severe infec-
tion and death from acute dengue infection.” In a large
series, mortality was not increased in kidney transplant
recipients with chikungunya virus infection.”

Positive nonstructural 1 antigen is diagnostic for dengue
but is present only in the first 5 to 7 d of illness.”” IgM
antibodies against arboviruses take 3 to 7 d to develop and
remain in circulation for almost 4 to 12 wk.”>*? Serological
diagnosis of dengue, Chikungunya, and Zika can be made
using IgM, but it is less sensitive and specific. PCR tests are
the most sensitive and specific and should be used within 7
d of symptoms onset.””>?

Donor and Candidate Screening

Routine screening is not recommended in asymptomatic
individuals or those without a recent history of fever because
the donor-derived infection is uncommon; however, because
disease transmission is periodic/seasonal, donor screening
for dengue nonstructural 1 antigen should be done dur-
ing periods of high disease activity.*’*” In patients with a
recent history of fever, it is prudent to wait 2 wk and reassess
before proceeding with the evaluation. The initial screening
within 7 d should be done by PCR or antigen testing and
after 7 d with IgM antibodies against the specific virus.”
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Donor Acceptance Criteria

If a donor is confirmed to have any of these arboviral
infections, deferral is recommended for 30 d for dengue
and chikungunya and 120 d for Zika.>” Organs from
deceased donors with signs and symptoms suggestive of
recent arbovirus infection (<30 d) should be discarded.®”*

Prevention and Prophylaxis, Including for Recipients
Who Travel to SA

Vaccine options are limited for these infections. Dengue
vaccine (Dengvaxia) has not yet been approved in SA, and
given that it is a live attenuated vaccine, it is not advised in
transplant recipients. There are no approved vaccines for
the chikungunya virus and Zika virus. Recipients traveling
to SA should reduce skin exposure to mosquito bites with
barrier methods by wearing long-sleeved or permethrin-
treated clothing and using insect repellents such as N,
N-diethyl-meta-toluamide or picaridin.*® (Table 4)

Management

There is no specific therapy for these viruses other than
adequate hydration and supportive care.

Japanese Encephalitis

Background and Epidemiology

Japanese encephalitis virus (JEV) is a flavivirus and the
main cause of viral encephalitis throughout SA, with an
estimated 60000 to 70000 clinical cases every year.”®”’
Transmission is through mosquito bites (Culex) through a
zoonotic cycle with pigs, birds, and horses. JEV has rarely
been reported in organ transplant recipients.”® There is
a possibility of DDI, because it has been reported from
blood transfusions, and other similar donor-derived viral
encephalitides have been described.””1%

Clinical Features and Diagnosis

JEV should be suspected in anyone presenting with a
short history of febrile illness and altered mental sta-
tus.”®”” Clinically, it is difficult to differentiate from other
causes of encephalitis/encephalopathy. The ideal method
for laboratory confirmation is by testing CSF or serum for
JEV-specific IgM antibody.'”" The JEV-specific IgM anti-
body capture ELISA (MAC-ELISA) has now become the
first-line diagnostic assay recommended by World health
Organization for the detection of acute infections. The
turnaround time of the IgM ELISA capture assay is a few
hours. Sensitivity of IgM is 60% to 90%.'"> There may
be cross-reactivity with other infections. The quantitative
PCRs are useful molecular assay tests because they are
very specific, sensitive, and can detect low viral copies in
acute or early phases of infection.'”* A plaque reduction
test can also be required sometimes to differentiate the JEV
from other flaviviruses.!°!%? The case-fatality rate among
those with encephalitis can be as high as 30%, and perma-
nent neurologic or psychiatric sequelae can occur in 30%
to 50% of survivors.”®

Donor and Candidate Screening

Routine screening of donors for JEV is not recom-
mended because of rare case reports of donor-to-recipient

www.transplantjournal.com

transmission and the unavailability of a very sensitive test,
because sensitivity of IgM is 60% to 90%, and there can be
cross-reactivity with other infections sometimes'®'; how-
ever, in regions experiencing outbreaks the screening could
be helpful in patients undergoing organ transplants because
the turnaround time is short. Organ donation is contrain-
dicated from a person suffering from encephalitis.”’

Prevention and Prophylaxis

The prevention of JE is based largely on mosquito con-
trol and immunization. Of the 4 available JE vaccines,
JENVAC, an inactivated Vero cell-derived vaccine, has
been shown to be highly effective against all known strains
of JEV.'® The seroconversion rates are close to 90% in
the immunocompetent, although it has not been studied in
transplant recipients.

Management

There is no specific therapy for JE. A number of antiviral
agents have been investigated, but none has convincingly
been shown to alter the outcome of JE.®®

Recipients Who Travel to an Endemic Region

All travelers to Japanese encephalitis-endemic areas
should take precautions to avoid mosquito bites. Personal
preventive measures include the use of mosquito repel-
lents, long-sleeved clothes, coils, and vaporizers. Travelers
planning to stay for long durations in JE endemic areas
should be vaccinated with a nonlive viral vaccine before
traveling.

Rabies

Background and Epidemiology

SA, and in particular India, has the highest burden of
rabies deaths in the world (approximately 20000/y),
accounting for approximately one-third of the global rabies
death toll.'* The virus is inoculated into humans through
the saliva or bites or scratches from an infected animal
(often stray dogs), and then the virus spreads through ret-
rograde transport along with nerve roots and infects the
central nervous system.'” This process may take weeks
to months. Transmission via organ transplant has been
reported with organs procured from a single donor lead-
ing to infection in multiple recipients.'*®

Clinical Features and Diagnosis

Any patient who comes with a history of altered men-
tal status should be evaluated for rabies. Given that the
animal bite(s) could have been minor and in the remote
past, the history may not be forthcoming. Rabies should be
considered in the differential diagnosis of any encephalitis
in SA. The demonstration of rabies antibody in the serum
or in CSF, in the absence of a history of vaccination for
rabies, is indirect evidence of rabies infection.!®” However,
negative serological tests do not rule out rabies. The viral
antigen may also be detected by immunofluorescence
antibody test (IFAT) or PCR from the skin biopsy from
the posterior re$ion of the neck (at the hairline) of the
infected patient.’” Virus RNA may also be isolated from
the saliva, tears, or CSE®'%” Demonstration of virus anti-
gen through fluorescent antibody testing in brain biopsy
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specimens (which are largely obtained post-mortem) is the
gold standard.'%

Donor and Recipient Screening

Routine testing of the donor and recipient for rabies is
not indicated. Deceased donors admitted with a history
of altered sensorium or unknown cause of encephalitis
should not be accepted as donors.>”8

Management and Postexposure Prophylaxis

There is no specific treatment for rabies. Postexposure
prophylaxis consists of rabies vaccine and either anti-
rabies immunoglobulin or more recently introduced mon-
oclonal antibody.'® A neutralizing antibody level of >0.5
International Units (IU)/mL of serum suggests a positive
protective antibody response to vaccination. Vaccine effi-
cacy may be decreased in transplant recipients.®'%®

Recipients Traveling to SA

Recipients should avoid exposure to stray dogs, cats, and
monkeys. SOTRs expecting to be in situations where they
could be exposed to the virus should receive rabies vaccina-
tion of 3 doses on days 0, 7, 21, or 28.'"? Postvaccination
titers should be checked, given the potential for a dimin-
ished response. For those who have not had a preexposure
vaccine, immunoglobulin, and the complete vaccine course
should be given as postexposure prophylaxis, regardless of
the severity of the bite or animal status.'*®1%”

ENDEMIC PARASITIC DISEASES

Malaria
Background and Epidemiology

Malaria, an Anopheles mosquito—borne parasitic tropi-
cal disease caused by Plasmodium vivax, falciparum, ovale,
malariae, and knowlesi, is endemic in SA. India contributes
to 4% of the total global burden of malaria cases.''” Many
cases of malaria in organ (mostly kidney) transplant recipi-

ents have been described, including transmission from the
donors, 111-113

Clinical Features and Diagnosis

Malaria typically presents with high-grade fever and
chills."™ Transplant recipients may present with compli-
cations of malaria, like severe anemia, thrombocytopenia,
encephalopathy, respiratory failure, or renal failure,''>!'¢
The severity of malaria in transplant recipients depends
upon the infecting species, level of parasitemia, organ
transplanted, level of immune suppression, and delays
in diagnosis and treatment.'’®""® The outcome of organ
transplant recipients is varied, with some studies quoting
good outcomes whereas others did not."'>'®

Modes of Acquiring Malaria for Organ Transplant
Recipients

Organ transplant recipients can acquire malaria through
(1) the transplanted organ (from the parasitized red blood
cells in the vasculature or reactivation of hypnozoites from
donor liver),"'>!® (2) transfusions from blood donors with
asymptomatic parasitemia, (3) reactivation and recrudes-
cence,''® and (4) de novo infection in the recipient.

Bansal et al 1923

Donor and Recipient Screening and Acceptance
Criteria

Malaria screening is usually done for all symptomatic
febrile patients in SA. Giemsa-stained thick smear is the
standard test for diagnosis. Rapid diagnostic techniques
based on parasite antigens have varied sensitivity and speci-
ficity with an average level of detection of 200 parasites per
microlitre.'" Molecular diagnostics like real-time PCR are
more sensitive and can be used to detect parasitemia missed
by smear examination and are recommended in highly
endemic regions to detect asymptomatic parasitemia.”’"®
The cost—benefit ratio of routine screening of donors and
recipients is unknown. Screening is advisable in patients
from highly endemic areas; however, this needs more study.

All donors and candidates should be deferred for 3 mo

after treatment of infection in an endemic region.®''®

Posttransplant Monitoring

Periodic clinical and laboratory monitoring could be
done (best with PCR tests) prospectively for 2 mo post-
transplant in endemic areas, especially during periods of
increased disease transmission. Preemptive therapy is not
recommended but may be considered if there is a high risk
of donor-derived infection.”

Recipients Who Travel to an Endemic Region

Recipients traveling to malaria-endemic regions should
use insect repellents, wear long-sleeved clothing, avoid
outdoor activities, and sleep in a well-screened room or
under mosquito netting (Table 4). Recipients traveling
from nonendemic to the endemic region should take
chemoprophylaxis (doxycycline, atovaquone/proguanil,
mefloquine, and tafenoquine).** Clinicians should be
aware of the potential for transplant drug interactions
and QT prolongation.

Toxoplasmosis

Background and Epidemiology

Toxoplasma gondii, a ubiquitous parasite present in a
wide variety of animals such as birds and livestock, can be
transmitted through ingestion of food, water, vegetables,
and fruits contaminated with oocysts shed from cats or by
ingesting tissue cysts from raw or undercooked meat.'"”
Seroprevalence studies in SA have found Positivity rates of
20% to 63% in the general population.'*%!*!

Toxoplasma gondii is an important opportunistic
infection in SOTRs, particularly heart transplant recipi-
ents."'®!"® Toxoplasmosis occurring in the first 3 mo
posttransplant is likely donor-derived, whereas those
occurring >3 to 6 mo are because of reactivation of latent
disease or de novo infection enhanced by immunosup-
pression.'?* The risk depends upon the seropositivity of
the donor and recipient and the use of chemoprophylaxis.
In the Toxoplasma IgG donor-positive, recipient-negative
(D+/R-) situation, transmission is highest with heart trans-
plantation without prophylaxis (50%-75%) but can occur
with other organ transplants.'®

Clinical Features and Diagnosis

Often asymptomatic in immunocompetent individuals,
toxoplasmosis can present in transplant recipients with,
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fever, dyspnea, cough, headache, confusion focal neurolog-
ical signs, and lymphadenopathy.'**!*3 Patients can have
cerebral abscesses, encephalitis, myocarditis, pneumonitis,
chorioretinitis, multiorgan involvement, and disseminated
disease.'** The diagnosis can be made by IgM antibody or
by PCR in blood body fluids, that is, bone marrow, CSF,
BAL fluid, or biopsy specimens.'**'** The late serocon-
version among transplant recipients limits the diagnostic
accuracy of IgM for the diagnosis of acute toxoplasmosis

in this population.®!**

Donor and Recipient Screening and Acceptance
Criteria

Both donor and recipient should be screened for latent
infection by serology using Toxoplasma IgG antibody,
mainly for heart and heart-lung transplants.” A seroposi-
tive donor is not a contraindication to transplant; however,
it defines the risk of transmission and the need for prophy-
laxis posttransplant.

Prophylaxis and Prevention (Including Travel)

With high-risk (D+ R-) transplants, chemoprophylaxis
with TMP-SMX (160-800mg) daily or thrice weekly (as
given for Pnemocystis jirovicii) is effective.'** Alternatives
include a combination of clindamycin, pyrimethamine,
and leucovorin; atovaquone; or dapsone plus pyrimeth-
amine.'** The duration of prophylaxis is not well defined
but should be given for at least 3 mo posttransplant.®>'**
Lifelong prophylaxis is recommended in high-risk heart
transplant recipients.

All SOTRs, whether traveling or at home, should avoid
consuming raw or poorly cooked meat, untreated water
(which may contain Toxoplasma cysts), and unwashed
fruits and vegetables that could be contaminated with
animal feces containing oocysts of Toxoplasma.*® They
should use disposable gloves for all soil and sand contacts
and wash their hands after removing gloves. They should
not change the litter box of indoor cats and should avoid
handling stray cats and kittens.'**

Management of Active Infection

Treatment of active disease includes pyrimethamine,
sulfadiazine, and folinic acid (leucovorin) for a minimum
of 6wk, followed by chronic suppressive therapy with the
same medications at reduced doses or treatment doses of
TMP/SMX.'#31%* Alternative agents include combinations
of clindamycin, atovaquone, and azithromycin. Lifelong
secondary prophylaxis is needed, because treatment is
effective against the proliferative tachyzoite form but not
the encysted parasite.'**

Leishmaniasis

Background and Epidemiology

Leishmaniasis is caused by the protozoan Leishmania
spp. and is transmitted by the female sandfly Phlebotomus
argentipes. Leishmaniasis presents as cutaneous, mucocu-
taneous, or VL.' Cutaneous leishmaniasis is caused by
Leishmania major and Leishmania tropica in the Middle
East and central Asia and Leishmania braziliensis com-
plex and Leishmania mexicana in America.'” VL (also
known as the kala-azar disease) is caused by Leishmania
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infantum, Leishmania infantum chagasi, and Leishmania
donovani complexes.'*

India (Bihar and Eastern Uttar Pradesh), Nepal, and
Bangladesh are endemic areas for VL and contribute sig-
nificantly to the global burden of VL, although the inci-
dence had been declining during the last decade.'*®!*’
VL is the predominant form in SOTRs, most frequently
in kidney recipients.'?® Infection can be de novo, donor-
derived or reactivation of prior infection. Recently, a case
of donor-acquired leishmaniasis was described in a liver
recipient; the patient responded to treatment and got
better.'*’

Clinical Features and Diagnosis

Leishmania spp. can cause asymptomatic infection
and then remain dormant in the host for many years,
becoming clinically apparent during periods of immuno-
suppression.'?® VL presents as fever, weight loss, hepato-
splenomegaly, and pancytopenia. Atypical presentations
can also be seen.””®3° Immunocompromised individuals
have higher chances of clinical disease and severe disease
compared with immunocompetent individuals or donors
who are mostly asymptomatic without visceromegaly or
cytopenias.

Demonstration of L donovani bodies in the bone mar-
row and sglenic aspirate remains the gold standard for
diagnosis."** Serological assays like ELISA, indirect IFAT,
and rapid tests, such as the immunochromatographic and
direct agglutination test, are most widely used; however,
they can be false-positive.'** Leishmanial antigens can be
detected in serum or urine samples with a wide range of
sensitivity and specificity. The usefulness of this detection
method in the transplant recipient population remains to
be determined. Sensitivity and specificity vary accordin
to the method, antigens used, and geographical area."
Leishmania PCR in bone marrow aspirate and whole
blood buffy cot is more sensitive and can identify the
species.

Candidate and Donor Screening and Acceptance
Criteria

Transplant candidates and donors with active dis-
ease should be fully treated before transplant.>® Routine
testing of donors and transplant candidates is not rec-
ommended.®* All donors undergo routine abdominal
ultrasounds. Those with hepatosplenomegaly should be
further evaluated for liver disease and chronic leishmania-
sis if they have recent history of fever or any hematological
abnormality (pancytopenia), in which case a bone marrow
aspiration and biopsy is recommended.

Management

The standard regimen for immunosuppressed patients
consists of liposomal amphotericin B 4mg/kg/d on days
1to 5,10, 17, 24, 31, and 38 (total dose of 40 mg/kg).'*?
There is no evidence that SOTRs need higher doses or sec-
ondary prophylaxis, as with HIV-coinfected patients with
low CD4 counts. A temporary reduction in immunosup-
pression is also recommended during active treatment.'?*
Conventional amphotericin B deoxycholate is also effec-
tive but carries greater toxicity.'**
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Posttransplant Monitoring

VL can relapse after transplantation in patients known
or suspected to have VL pretransplant. These patients
should be monitored clinically for any signs of VL. PCR
monitoring is not routinely recommended; however, it
should be done in those with relapse or partial improve-

ment, because relapse is common in immunocompromised
T 12
individuals.®'*

Recipients Who Travel to an Endemic Area

When visiting endemic areas, transplant recipients
should minimize outdoor activities, especially during dusk
hours, when sandflies are most active. These individuals
should also wear protective clothing, apply insect repel-
lent to exposed skin, use pyrethroid-treated bed nets, and
spray dwellings with residual-action insecticides.*®!??

Cryptosporidiosis
Background and Epidemiology

Cryptosporidium, an intracellular protozoan parasite
is ubiquitous in natural water sources. Infection can be
acquired through contaminated food or water, leading to
diarrheal illness.'*® Cryptosporidium is a common cause
of diarrhea in SOTRs in SA, with a prevalence as high as
16% to 53% in various studies.'**13°

Clinical Features and Diagnosis

The clinical presentation may vary from asymptomatic
oocyst passers to those with profuse and prolonged diar-
rhea associated with nausea, vomiting, abdominal pain,
and fever."**"%” Dehydration, hypotension, and sometimes
tacrolimus toxicity may lead to acute kidney injury.!3*135
The extraintestinal atypical manifestations may present as
respiratory tract disease, pancreatitis, and cholangitis. '3

Stool examination for identifying oocysts is the main
diagnostic tool for Cryptosporidium infection. However, it
has low sensitivity if the concentration of oocysts is low."?’
Modified staining with Ziehl-Neelsen or fluorescent tech-
niques such as auramine-rhodamine improves detection
rates.””” Direct immunofluorescence offers the highest
sensitivity and specificity and is commonly used. ELISA
kits are available with sensitivities ranging from 66%
to 100% with excellent specificity."*”'** Multiplex PCR
assays can detect different gastrointestinal pathogens and
significantly increase the diagnostic yield. However, their
use is limited by high cost and low specificity as they can-
not differentiate between asymptomatic colonization and
invasive infection.'?”1%

Donor and Recipients Screening

Screening is not routinely recommended for
Cryptosporidium; however, in symptomatic donors, can-
didates, or recipients, it is advisable to test and treat if
positive.*

Management

Cryptosporidiosis can be hard to cure. Oral or intra-
venous rehydration is the mainstay of management.
Reduction of immunosuppression may help in the clear-
ance of parasites.'>*!** Nitazoxanide is approved for treat-
ing cryptosporidiosis; the recommended dose in SOTRs is
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500 mg twice daily for 14 d. However, there are no data
from randomized trials on SOTRs, and they may need
longer or repeat therapy.'**!'*! Combinations of antipara-
sitic agents such as azithromycin and nitazoxanide may be
effective in refractory cases.'*!

Prevention and Recipients Traveling to Endemic Areas

SOTRs should avoid drinking untreated water and be
careful when swimming in streams, lakes, or pools.*®!*
Cryptosporidium oocysts are resistant to chlorine disin-
fection and survive for days in treated recreational water
despite adequate chlorination. Drinking water should either
be treated properly, filtered by <1 um filters, or bottled water
should be used.*® Handwashing is strongly encouraged for
everyone, including other family members. Contaminated
food preparation surfaces should be cleaned thoroughly.

Strongyloidiasis

Background and Epidemiology

Strongyloidiasis is endemic in SA, with infection rates of
11.2% in India, and 29.8% in Bangladesh.'** Primary infec-
tion occurs through contact of skin with soil infected with
human feces containing Strongyloides stercoralis filariform
larva. The larvae travel to the lung via the venous system and
from there, they move to the pharynx/trachea and then reach
the gut through swallowing and become adult parasites.'*
In the gut, they reproduce and become rahbditiform larvae,
which are then excreted through the stools. Some rhabditi-
form larvae may develop into filariform larvae in the intes-
tinal lumen and penetrate the colonic mucosa or perianal
skin. These filariform larvae are capable of completing a new
cycle in host. This process is known as autoinfection and is
unique to S stercoralis.'** Autoinfection plays an important
role in the maintenance of long-term infection, hyperinfec-
tion syndrome, and disseminated disease in immunocompro-
mised individuals.'*? Disease in transplant recipients may be
from reactivation of asymptomatic infection (more com-
mon), donor-derived, or de novo infection.!**!*4

Clinical Features and Diagnosis

Strongyloides stercoralis infections in humans range
from asymptomatic infection to chronic symptomatic
strongyloidiasis; however, in immunocompromised indi-
viduals, the disease can become disseminated (hyperinfec-
tion), with a very high mortality.'**'** In hyperinfection
syndrome, the parasite undergoes uncontrolled prolifera-
tion, and dissemination and the larvae migrate to the lungs
from the small bowel through the venous system and onto
the small bowel resulting in symptoms like fever, breath-
lessness, hemoptysis, respiratory distress, anorexia, nau-
sea, vomiting, diarrhea, vomiting, ileus obstruction, and
gastrointestinal bleeding.'*"'* Intestinal disease, some-
times with ulceration, may result in bacterial transloca-
tion leading to bacteremia and sepsis.'*® Mortality reaches
up to 50% in hyperinfection syndrome and up to 70%
in disseminated diseases.'*"'*® The median time of infec-
tion after transplantation was about 3 mo in a large series
but it can occur at any time.'"* Peripheral eosinophilia,
usually in immunocompetent individuals, may be absent
in those on corticosteroids. Diagnosis is made by demon-
stration of eggs or rhabditiform larva in stool, sputum,
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or duodenal aspirate. Sometimes multiple stool examina-
tions are required to make a diagnosis. Serological tests are
moderately sensitive; however, when negative, they should
not be used alone to exclude a diagnosis of strongyloidiasis
in SOTRs."*”1*¥ Stool multiplex PCR testing increases the
diagnostic yield; however, it can detect multi}ble and some-
times bystander gastrointestinal pathogens.'*®

Donor and Candidate Screening

Donors and candidates should be screened before trans-
plant in endemic areas.>'*® ELISA IgG is the preferred
method of screening, because the sensitivity of stool exam-
ination is low. Infected donors, candidates, and recipients
of organs from infected donors should be treated with
ivermectin before transplantation or as soon as possible
after transplantation.®'** Pretransplant treatment for the
living donor and recipient can be beneficial and cost-effec-
tive. The treatment can continue posttransplant in high-
risk population.

Management

Ivermectin is the drug of choice for the treatment of
strongyloidiasis. The dose is 200 pg/kg for 2 d, and it
should be repeated once after 2 wk.'*’ Albendazole 400 mg
twice daily for 3 to 7 d or thiabendazole (25 mg/kg/d) for
3 d can be used as an alternative. Thiabendazole has been
found to be more effective than albendazole and equally
effective as ivermectin; however, it has more gastroin-
testinal adverse effects."* For hyperinfection syndrome,
ivermectin should be given daily for at least 2wk or until
documented clearance (whichever is longer), along with a
reduction in immunosuppression.'**!** In patients with
severe or disseminated disease, ivermectin can be com-
bined with albendazole."® Patients who do not tolerate
oral therapy can be given either subcutaneous (preferable)
or rectal preparation of ivermectin.'3 113

Recipients Traveling to Endemic Areas

All patients with SOT visiting endemic regions should
wear shoes and follow good sanitation practices, including
bottled or boiled water. After visiting the endemic region,
a single dose of ivermectin may be given empirically to

SOTRs.*

Filariae

Background and Epidemiology

Filariae are tissue-based nematodes that grow in the
subcutaneous tissue and lymphatic vessels. Lymphatic
filariasis, in which the adult worms of Wuchereria ban-
crofti are found in the lymphatic system, is endemic in
India (Uttar Pradesh, Bihar, Jharkhand, Orissa, Kerala,
and Gujarat), Nepal, and Sri Lanka.'>*>"%% It is transmit-
ted by mosquitoes of the genera Culex, Mansonia, and
Anopbheles. Approximately half of the 120 million global
cases are seen in Southeast Asia.'>® India harbors nearly
40% of all cases of infection with lymphatic filariasis in the
world."*!3* Filariasis in SOTRs can be acquired through
the donor organ or develop de novo."**!*” DDI is rare and
only 1 case report has been described."”

Patients with either DDI or an immediate diagno-
sis after transplantation responded well to treatment,
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indicating that immunosuppression may not lead to more
complications.'3¢1%7

Clinical Features and Diagnosis

The disease spectrum can range from asymptomatic
infection to episodes of lymphadenitis, lymphangitis,
orchitis, funiculitis, or epididymitis, along with fever.'>*
Long-standing obstruction of lymphatic vessels may lead
to hydrocele, chyluria, or elephantiasis. The diagnosis is
established by detection of circulating filarial antigen (for
W bancroffti infection only), demonstration of microfilar-
iae or filarial DNA in the blood, or adult worms in the
lymphatics."** Scrotal ultrasound may reveal movements
of adult worms in otherwise asymptomatic males.'>®

Donor and Candidate Screening and Acceptance
Screening is usually not performed in asymptomatic
donors or candidates; however, in those with clinical suspi-
cion, screening should be done with filarial antigen in blood
or a PCR-based test, which is very sensitive. Those with the
active disease must be treated fully before transplant.

Management

Treatment consists of either a 2-drug regimen of
diethylcarbamazine plus albendazole or ivermectin and
albendazole.'>* Recent studies have shown that a 3-drug
combination including diethylcarbamazine, ivermectin,
and albendazole is better than the 2-drug combination of
diethylcarbamazine and albendazole/ivermectin.'*®

Recipients Living In or Traveling to Endemic Areas

Transplant recipients should be advised to take precau-
tions against mosquito bites.

VIRAL HEPATITIS

Viral hepatitis is endemic in the SA region and is com-
monly caused by 4 hepatotropic viruses: hepatitis A virus
(HAV), hepatitis B virus (HBV), hepatitis C virus (HCV),
and hepatitis E virus (HEV).

Hepatitis A Virus
Background and Epidemiology

HAV infection is an acute, usually self-limited infection
caused by a nonenveloped RNA virus of the picornavirus
family, which is transmitted by the fecal-oral route. HAV
infection is highly endemic in SA.">* By 18 y of age, 90%
of the pogulation is seropositive for HAV in India and
Pakistan.””"* HAV accounts for 50% to 60% of cases of
acute viral hepatitis in children. However, the case-fatal-
ity rate is higher in Patients aged >50 y compared with
younger adults.’**'®! In a series of liver transplants in
patients with acute liver failure (ALF), HAV was a com-
mon cause, occurring in 21 patients (15%), with outcomes
comparable with other causes. No survivors in 10 y had
chronic hepatitis A in this series.'®*

Screening of Donors and Candidates; Acceptance
Criteria

All transplant candidates with liver test abnormali-
ties should undergo serology testing for acute HAV
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(anti-HAV IgM).> Asymptomatic donors are not routinely
tested for anti-HAV IgM. There are no reports of the donor-
to-recipient transmission of HAV.® Donors who have
resolved hepatitis related to acute HAV can be accepted as
usual donors.’

Prevention and Treatment

All transplant candidates >1 y of age at risk for HAV
(ie, no history of natural disease or who are seronegative)
should be vaccinated before transplantation. Two doses
of the monovalent HAV vaccine or 3 doses of the com-
bined hepatitis A and B vaccine can be taken (Table 5).
Vaccination after transplantation elicits lower antibody
titers and provides a shorter duration of protective immu-
nity. Treatment of HAV in SOT is largely supportive.

Recipients Living in or Traveling to SA

Immunocompromised and nonvaccinated individu-
als are at high risk of acquisition of HAV infection.
Maintaining sanitation, personal hygiene, and food safety
are paramount in preventing HAV infection.*® SOTRs
should receive the HAV vaccine series before traveling
to moderate- to high-risk infection areas.* Ideally, sero-
conversion should be assessed before travel. In case of
incomplete vaccination or failure of vaccine, pooled
immunoglobulins are recommended before travel.'®®
They are 85% to 90% effective for protecting against
HAV infection.

Hepatitis E Virus

Background and Epidemiology

HEYV, a positive-stranded RNA virus belonging to the
family Herpesviridae, primarily spreads via the fecal-oral
route. The incubation period is estimated to be around 2
to 6 wk.'®* Anicteric hepatitis is more common than clini-
cally overt disease and is seemingly more frequent in adults
than in children.'** HEV is highly endemic in SA countries.
In India, HEV infection is responsible for 30% to 70%
of cases of acute sporadic hepatitis and is a major cause
of ALE'®*'% In Pakistan, up to 20% to 22% of adults
and 2.4% of children were found to have acute hepatitis
because of HEV.'®! In Nepal, HEV accounts for 15% to
50% of acute hepatitis cases.'®® HEV is the leading cause
of acute hepatitis and ALF in Bangladesh.'®” In a recent
meta-analysis of SOTRs, the seroprevalence of HEV infec-
tion was 20%, with the highest prevalence of 27% in liver
transplant recipients and the lowest in lung transplant
recipients.'®® HEV in liver transplant recipients has been
associated with an increased risk of graft failure and high
chances of chronicity.'®*!”" There are few reports of liver
transplantation in HEV infection. In a report from India,
9 patients with ALF because of HEV infection underwent
liver transplantation and none of them developed any
posttransplant recurrence because genotype 1 is predomi-
nantly seen in the Indian population, which is not usually
chronic.'”!

Screening of Donors and Candidates

All transplant recipients should undergo serology for
HEV (IgM anti-HEV).” If a liver transplant candidate
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is positive for IgM HEV, then they can proceed for liver
transplantation; however, non-liver candidates should
wait for complete recovery before being accepted for
transplantation.

There are no reports of the donor-to-recipient transmis-
sion of HEV in organ transplantation, so donors are not
screened before transplantation for HEV. However, trans-
fusion-transmitted HEV infections have been reported,
so transmission via organs seems possible.'®>!”" Donors
with acute infection are not accepted; however, those with
remote infections (eg, HEV IgG positive) can be accepted
as donors.®

Treatment

Treatment is largely supportive, with consideration of
the reduction of immunosuppression.'” A study by Kamar
et al'’? showed that the addition of ribavirin along with a
reduction in immunosuppression was effective in sustained
virological response in the majority of SOTRs with HEV
infection.

Prevention for Recipients Living in or Traveling to
Endemic Areas

Immunocompromised travelers to HEV endemic regions
should take care of safe food handling, good handwashing
practices, and water precautions (Table 4).***® Travelers
should not eat food from street vendors. There is no com-
mercially available vaccine for HEV.

Hepatitis C Virus
Background and Epidemiology

HCV causes both acute and chronic infection; how-
ever, unlike HBV, HCV has a higher propensity to lead to
chronic viremia, and 25% of these patients can develop
chronic hepatitis.'”*'”* HCV in SA is primarily spread
from infected needles, blood transfusion, dental and surgi-
cal procedures, and unsafe tattoo practices.'®!”*

In India, the estimated prevalence of HCV is about 0.5 %
to 1.5%.""* Despite low prevalence, India accounts for a
significant proportion of the global HCV burden because
of its large population of 1.3 billion. Approximately 12
to 18 million peoPle are thought to be infected with HCV
in the country.'”* Pakistan has a 4% to 5% prevalence
of HCV.'®! In Bangladesh and Nepal, the prevalence of
HCV is <1%."°%'®” HCV infection is a common cause
of liver failure. The long-term patient and graft outcome
of HCV-positive patients undergoing liver or non-liver
organ transplantation is inferior to those who are HCV
negative.'”>'7® Nowadays, the prognosis is much better
because of the availability of direct-acting agents for the
treatment of HCV before and after transplantation.'””'”®

Screening of Donors and Acceptance Criteria

HCV antibody screening is mandatory for all donors.
For living donor SOTRs except for liver, if testing for
HCV antibody is negative, then nuclear acid test (NAT)
is not recommended. In deceased donor transplants, HCV
NAT should be done because the infection might be in the
window period, and HCV antibody and seroconversion
take more than a month.>® Anti-HCV antibody positiv-
ity implies either a treated infection or active infection or
a false-positive result, in which case a quantitative NAT

N
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is performed; and if the HCV NAT is negative, then the
donor can be accepted.®'”” For liver transplants, NAT is
performed on all donors.

Donor-to-recipient transmission of HCV has been
reported in organ transplantation. Transplantation of
HCV-positive organs to HCV-positive recipients is prac-
ticed in both living and deceased donor transplant pro-
grams because of the availability of very effective directly
acting antiviral drugs.'””"®! There are now many reports
of transplantation of organs from HCV-positive donors to
HCV-negative recipients and treatment of these recipients
thereafter.'8"!82 Teams considering this must have a post-
transplant treatment plan in place.

Candidate Screening and Acceptance

All transplant candidates should undergo serology for
HCV (anti-HCV antibody) and HCV RNA qualitative
PCR.’ With the availability of very effective directly acting
antiviral agents, HCV can be treated pre- or posttransplan-
tation. The treatment can be initiated in the pretransplant
period and continued posttransplant or can be initiated
posttransplant for a duration of 3 mo.'”%”?

Prevention of Recipients Living in or Traveling to
Endemic Areas

There is no vaccine for HCV; hence, prevention depends
on education and avoidance of high-risk exposures.
SOTRs and travelers should be counseled to avoid contact
with nonsterile needles, syringes, cosmetic and tattoo pro-
cedures, or other risky behavior.*®* In case of exposure,
HCV RNA testing should be done after 2 to 6 wk.

Hepatitis B Virus
Background and Epidemiology

Risk factors for HBV infection include exposure to
infected blood products and body fluids, neonatal expo-
sure, medical equipment, body piercing, sexual activity,
dental treatment, cosmetic procedures, tattoos, acupunc-
ture, and sharing of personal grooming items.'®* HBV
infection is still common in SA, because vaccination is not
universal and is mostly limited to high-risk cases and chil-
dren."®* Recent estimates show that India and Nepal have
a low prevalence (nearly 2%) of HBV infection, whereas
Pakistan and Bangladesh have intermediate endemicity
(nearly 4%) of HBV infection.!®"16616%174 BV infec-
tion is the most common cause of cirrhosis in SA coun-
tries, with approximately one-third of mortality caused by
chronic liver disease because of hepatitis B."** The recur-
rence of HBV after transplantation is going down with the
availability of antiviral drugs.'®

Screening of Donors and Acceptance Criteria

All potential donors should be screened for hepati-
tis B surface antigen (HBsAg) and hepatitis B core anti-
body (anti-HB¢; both IgM and IgG anti-HBc).>” Donors
who are HBsAg negative and anti-HBc positive might be
those who recovered from HBV infection, chronic carri-
ers (occult hepatitis B with detectable HBV DNA), or false
positive. In these donors, quantitative HBV nucleic acid
testing by PCR should be done.”” Donors with HBsAg
and IgM anti-HBc positivity have acute hepatitis and are
excluded from donation. Donors who are HBsAg negative
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and IgM anti-HBc¢ positive might be in the window period
and the donation should be avoided.” In HBsAg nega-
tive and IgG anti-HBc positive donors, HBV NAT by PCR
should be done and if it is negative, then organs can be
used in recipients who are fully vaccinated with protective
hepatitis B surface antibody (anti-HBs-Ab) titers of >100
IU/mL or who were previously infected with HBV.'8¢188 1
the case of non-liver grafts, the chances of de novo HBV
infection from IgG anti-HBc positive donors are low, and
these donors can be accepted with plans for posttrans-
plant monitoring or prophylaxis."*®'®” Transplantation
of HBsAg or DNA-positive organs to HBV-positive recipi-
ents are used in some deceased donor transplants; how-
ever, this is not widely accepted in living donor transplant
programs.'®”'% HBsAg-positive liver donors should be
accepted for HBsAg negative recipients only in exceptional
circumstances and with full informed consent as well as
plans for long-term (often lifetime) antiviral treatment.'®’

Candidate Screening

In kidney and other SOT transplant candidates, HBsAg
and core antibody testing are sufficient (IgG and IgM) for
hepatitis B screening; however, for liver transglant candi-
dates, HBV DNA PCR is also done routinely.>’ Testing for
HBYV surface antibody allows for vaccination of those who
are seronegative. Recipients of HBsAg-positive organs
should be treated with long—term antivirals for HBV to
prevent HBV reactivation.'®

Prevention and Prophylaxis

The preventive strategies for HBV infection should
include a vigilant screening of blood and blood prod-
ucts and routine testing of tissue and organ donors for
HBsAg. Vaccination for HBV and testing for anti-HBs
should be performed in all transplant candidates, and if
titers are inadequate, these patients should be revaccinated
or booster doses should be given, because a serological
response is poor posttransplant.” When feasible, serologic
testing of anti-HBs antibody 1 mo after completion of the
vaccine series should be performed to confirm immunity.
Revaccination with a higher-dose HBV vaccine should be
considered if the antibody response is suboptimal (anti-
Hbs <10 mIU/mL).’

Recipients Living in or Traveling to SA

All SOTRs should be fully vaccinated with adequate
antibody titers (>10 TU/mL). If titers are low, a booster
dose should be given before traveling. Precautions should
be taken to reduce exposure to infected body fluids, blood
products, and unprotected new sex contacts.”

Hepatitis D Virus
Background and Epidemiology

Hepatitis D virus (HDV) is a dependent virus and relies
on HBV to synthesize the pathogenic genomes. HDV is
acquired either as a coinfection with HBV or as a superin-
fection in chronic HBV-infected patients.'”® Chronic HDV
infection results in liver damage and can lead to the rapid
development of end-stage liver disease. The prevalence
of HDV is declining and currently, it is very low in India
and SA. In 1 recent study, none of the patients infected
with HBV was found to have hepatitis D'”'; however, in
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Pakistan, a survey revealed the prevalence of hepatitis D in
16.6% of patients who were HBV 1positive and in 50% to
60% of those attending the clinics.'””

Diagnosis

HDV IgM anti-HBc, and IgM anti-HDV are markers of
acute viral infection, whereas anti-HDV IgG is positive in
chronic HDV infection. HDV DNA is transiently positive
in acute HDV infection, and it is persistently positive in
high titers in patients with chronic HDV."?%!*!

Donor and Recipient Screening

Screening is recommended in HBV DNA or surface anti-
gen-positive patients because HDV can lead to end-stage
liver disease in chronic HBV-positive patients after coinfec-
tion or superinfection with HBV.?%1%2

DIARRHEA INCLUDING TRAVELER’S DIARRHEA

Background

Diarrhea, especially infective diarrhea, is common in SA.
In addition to immunosuppressed status, poor hygiene,
malnutrition, and inadequate resources contribute to the
high incidence of diarrhea in this region. In addition to
common causes of acute diarrhea caused by viral, bacte-
rial, and helminthic infections, opportunistic infections
with organisms such as Cryptosporidium, Strongyloides,
Cystoisospora belli, Cyclospora spp., Microsporidia, and
norovirus are the causative agents of diarrhea in SOTRs.'”?

Traveler’s Diarrhea

SA carries a high risk of traveler’s diarrhea in trans-
plant recipients, with an incidence of 10% to 40%."7>1%
The risk is highest during the first 14 d of travel.'”*!?
The most common causes of traveler’s diarrhea include
Enterotoxigenic E coli followed by Enteroaggregative E
coli, Shigella Salmonella, and Campylobacter jejuni.
Additionally, traveler’s diarrhea can occur because of
other parasitic and helminthic infections in SA like
Cryptosporidium, Cyclospora, Giardia, Ascaris, and hel-
minths.”>"”* Amebiasis is common and should always be
included in the differential diagnosis of traveler’s diarrhea.
Mycophenolate mofetil can sometimes cause chronic diar-
rhea, occasionally triggered by an infection.

Clinical Features and Diagnosis

Traveler’s diarrhea is characterized by an increase in
the frequency of bowel movements and a change in the
consistency of the stool (soft to liquid) that usually begins
within 2 to 3 d of arrival. The symptoms might range from
acute watery diarrhea to bloody diarrhea to chronic diar-
rhea. Patients can have nausea, vomiting, abdominal pain,
cramps, or fever.'”* Acute watery diarrhea is usually caused
by bacterial or viral infections, whereas chronic diar-
rhea is usually caused by parasitic infections like Giardia,
Amebiasis, or opportunistic pathogens like microsporidia
or cryptosporidium.’”®!** Brief episodes with resolution
do not usually require further evaluation. If symptoms per-
sist, then stool microscopy, stool culture, and special stains
should be done to look for opportunistic pathogens.'?*'¢
Multiplex PCR is becoming increasingly available but it is
very sensitive and sometimes detects bystander organisms.
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Few patients might need colonoscopy with biopsy for diag-
nosis. Cytomegalovirus PCR in blood should be done as a
part of the evaluation of chronic diarrhea in SOTRs.'”

Management

Most episodes are mild and need fluid replacement and
supportive treatment. Intravenous rehydration may be
needed in severe diseases.'”® A decrease in the gut metabo-
lism of tacrolimus can lead to elevated circulating levels
and may result in toxicity.'”® The empirical treatment for
diarrhea in SA should include a combination of ciprofloxa-
cin plus tinidazole (500 mg of each) twice daily for 3 to
5 d if symptoms are moderate to severe (>3 stools/d and
all patients with bloody diarrhea or fever), which should
cover most pathogens in this region including Amoeba,
Giardia, and bacterial dysentery. The alternative antibacte-
rial is azithromycin 500 mg once daily for 3 d.'”® Bacterial
resistance to antibiotics, especially fluoroquinolones, is
common in SA countries, and if symptoms persist, then
further treatment should be based on microbiological
investigations.

Recipients Traveling to Endemic Areas

Travelers should be instructed to focus on personal
hygiene as well as strict food and water precautions.
Measures like regular handwashing, use of sanitizers, and
proper washing of raw food materials play an important
role. Travelers should be advised to avoid foodstuff that
has not been freshly prepared or properly cooked. Salads,
reheated or uncovered foods, and any food cooked in
unhygienic circumstances should not be consumed’>'?
(Table 4). Bottled water from a reputed company with
an intact seal should be used for drinking. Travelers
should avoid walking barefoot because of the risk of
strongyloidiasis.

VACCINATIONS AND SOTs IN SOUTH ASIA

Patients should be screened for vaccination history and
should ideally be immunized early in the course of their dis-
ease, when vaccines are most likely to be effective, or during
pretransplant evaluation.'””'”® Posttransplant immuno-
suppressive drugs impair vaccine immune responses result-
ing in decreased efficacy and duration of vaccine-induced
protection.'”” Serologic testing for vaccine-preventable
diseases like hepatitis A and B should also be performed to
help guide vaccine planning. Certain infections are more
common in the SA region, so vaccination for prospective
transplant recipients and those traveling to these regions
should be advised.'”'” Recommendations for vaccina-
tion in South Asia for transplant candidates and recipients
are given in Table 5. Recommendations for travelers to SA
are provided in Table 6.

CONCLUSIONS

The SA region is a hotbed for infections. SOTRs are at
higher risk of all types of infections including the usual
as well as opportunistic infections. The morbidity and
mortality because of infections are high in this region and
infections are among the most common causes of graft fail-
ure and death in this region. Adequate screening of trans-
plant candidates and donors is of paramount importance
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to detect any infection and treat them before proceeding
with transplantation. South Asia is endemic to TB, making
adequate pretransplant assessment critical. Because food,
water, and mosquito-borne diseases are common in this
region and cause many bacterial, parasitic, and viral infec-
tions, adequate preventive measures and good hygiene
should be maintained by SOTRs living in these regions
as well as travelers visiting this region. Certain infections
like histoplasmosis, sporotrichosis, talaromycosis, leish-
maniasis, melioidosis, and Japanese encephalitis are com-
mon in some areas of SA, so screening and prophylaxis
for recipients and travelers can be restricted to that area.
Transplant candidates should be fully vaccinated before
transplant because seroconversion is poor after transplant.
Transplant travelers to these areas should take prophylaxis
for malaria, recommended vaccines, and other precautions
before visiting endemic regions in SA.

FUTURE RESEARCH

Although the SA region has a high incidence of endemic
and nonendemic and opportunistic infections, the litera-
ture in SOTRs is still scarce. Many recommendations are
extrapolated from local case series and guidelines from
high-income regions. There is a significant need for more
research in SOTRs on the diseases that are prevalent in this
region like TB, malaria, arboviral diseases, posttransplant
diarrhea, endemic fungal infections, and others. TB serves
as an excellent example of how outside guidelines do not
fit well with local practices. Multicenter prospective stud-
ies should be conducted through the collaboration of large
public and private sector hospitals to generate further data
on best practices for screening, prophylaxis and treatment,
enhancing the safety, and best outcomes for transplant
recipients in this region.

ACKNOWLEDGMENTS

*Guidelines Contributors (by section, in alphabetical
order), with further details for each section published in
the Indian Journal of Transplaniation:

Overall Leaders: Shyam B Bansal (India), and Camille
N. Kotton (USA).

Screening and Prophylaxis of Donors and Recipients
Before Solid Organ Transplantation: Guidelines for South
Asia: Shyam Bihari Bansal (Leader, India), Narendra K.
Chaudhary (India), Camille Nelson Kotton (USA), Vijay
Kher (India), Venkatasubramanian Ramsubramanian
(India).

Fungal Infections in Solid Organ Transplant Recipients
in South Asia: Challenges and Possible Solutions: Rajeev
Soman (Leader, India), Tarun Jeloka (India), Tulip A.
Jhaveri (USA), Sujata Rege (India), Shyam Bihari Bansal
(India).

Diarrhea in Solid Organ Transplant Recipients in the
South Asian Region: Govind K. Makharia (Leader, India),
Ram Gopalakrishnan (India), Srikant Mohta (India),
Narayan Prasad (India), Sowmya Sridharan (India).

Cryptosporidium Infection in Solid Organ Transplant
Recipients in South Asia: Narayan Prasad (Leader, India),
Syed Fazal Akhtar (Pakistan), Shyam Bihari Bansal (India).

Evaluation and Management of Mycobacterial
Infections in Solid Organ Transplant Recipients: Santosh
Varughese (Leader, India), Vivekanand Jha (India), Vasant

www.transplantjournal.com

Chandrakant Nagvekar (India), Manisha Sahay (India),
Dibya Singh Shah (Nepal).

Guidelines for Viral Hepatitis in Solid Organ Transplant
Recipients in South Asia: Neeraj Saraf (Leader, India),
Swapnil Dhampalwar (India), Vivek Kute (India), Shyam
Bihari Bansal (India).

An Approach to Respiratory Infections in Solid
Organ Transplant Recipients in South Asia: Priscilla
Rupali (Leader, India), Ashwini B. Gadde (India), P.
Prasannakumar (India).

Surgical Site Infections in Solid Organ Transplant
Recipients: Recommendation for Prophylaxis and
Management in South Asia.

Ashish Sharma (Leader, India), Ashwini B. Gadde
(India), Milind Mandwar (India), Abhinav Seth (USA).

Recommendations for Urinary Tract Infection in Solid
Organ Transplant Recipients in South Asia: Sishir Gang
(Leader), Abhyuday Rana (India), Shyam Bihari Bansal
(India).

Endemic Parasitic Disease Recommendation for South
Asia for Solid-Organ Transplantation—Leishmaniasis,
Malaria, Toxoplasmosis, Filariasis, and Strongyloidiasis:

Venktasubramanian Ramsubramania (Leader, India),
Nitin Bansal (India), Natarajan Gopalkrishanan (India),
Muhibur Rahman (Bangladesh) Surendran Rajendran
(India), Sowmya Sridharan (India).

Endemic Viral Disease Recommendations for Solid
Organ Transplant Recipients in

South Asia—Dengue, Chikungunya, Zika, Rabies,
Japanese Encephalitis, and Nipah Virus:

Venktasubramanian Ramsubramania (Leader), Suba
Guruprasad (India), Harbir Singh Kohli (India), P.
Krishna Prabha (India), AWM Wazil (Sri Lanka), Sowmya
Sridharan (India).

Endemic Bacterial Infections in South Asia in Solid
Organ Transplant Recipients—Typhoid, Paratyphoid,
Leptospirosis, Scrub Typhus,and Melioidosis: Vikas Deswal
(Leader, India), Shyam Bihari Bansal (India), Sandeep
Mabhajan (India), Venktasubramanian Ramasubramanian
(India), Abhyuday Rana (India).

Pre and Post-transplant Vaccination for Solid Organ
Transplant Recipientand in South Asia: Shyam Bihari Bansal
(Co-leader, India), Camille Nelson Kotton (Co-leader,
USA), Narayan Prasad (India), Venktasubramanian
Ramasubramanian (India), Sidharth Sethi (India).

REFERENCES

1. Fishman JA, Issa NC. Infection in organ transplantation: risk fac-
tors and evolving patterns of infection. Infect Dis Clin North Am.
2010;24:273-283.

2. Global Observatory on Donation and Transplantation. Reports. WHO-
ONT Collaboration. Available at http://www.transplant-observatory.
org. Accessed May 31, 2022,

3. Lobo DA, Velayudhan R, Chatterjee P, et al. The neglected tropical
diseases of India and South Asia: review of their prevalence, distribu-
tion, and control or elimination. PLoS Negl Trop Dis. 2011;5:e1222.

4. Angelo KM, Kozarsky PE, Ryan ET, et al. What proportion of interna-
tional travellers acquire a travel-related illness? A review of the litera-
ture. J Travel Med. 2017;24:tax046.

5. Malinis M, Boucher HW; AST Infectious Diseases Community of Practice.
Screening of donor and candidate prior to solid organ transplantation-
Guidelines from the American Society of Transplantation Infectious
Diseases Community of Practice. Clin Transplant. 2019;33:e13548.

6. Clemente WT, Pierrotti LC, Abdala E, et al. Recommendations for
management of endemic diseases and travel medicine in solid-organ


http://www.transplant-observatory.org
http://www.transplant-observatory.org

PISTGHIRA+ZHM8RAAUAVO/FIAEIDVIASALLIAIPO0AEIEAHION/AOAUMYTXOMADUOINX

OHISQBZIYTM+eyNIOITWNOTZTARHJASHAIAUG Ag reuinofuejdsuesy/wod mm| sfeuinol//:dny wouiy papeojumod

€202/50/0T uo

© 2023 Wolters Kluwer

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

transplant recipients and donors: Latin America. Transplantation.
2018;102:193-208.

. White SL, Rawlinson W, Boan P, et al. Infectious disease transmis-

sion in solid organ transplantation: donor evaluation, recipient risk,
and outcomes of transmission. Transplant Direct. 2019;5:e416.

. Martin-Davila P, Fortun J, Lopez-Vélez R, et al. Transmission of tropi-

cal and geographically restricted infections during solid-organ trans-
plantation. Clin Microbiol Rev. 2008;21:60-96.

. Pendse R, Gupta S, Yu D, et al. HIV/AIDS in the South-East Asia

region: progress and challenges. J Virus Erad. 2016;2:1-6.

. World Health Organization. Global Tuberculosis Report 2021. Licence:

CC BY-NC-SA 3.0 IGO. World Health Organization; 2021.

. John GT, Shankar V. Mycobacterial infections in organ transplant

recipients. Semin Respir Infect. 2002;17:274-283.

. Sakhuja V, Jha V, Varma PP, et al. The high incidence of tubercu-

losis among renal transplant recipients in India. Transplantation.
1996;61:211-215.

. Bumbacea D, Arend SM, Eyuboglu F, et al. The risk of tuberculosis in

transplant candidates and recipients: a TBNET consensus statement.
Eur Respir J. 2012;40:990-1013.

. Singh N, Paterson DL. Mycobacterium tuberculosis infection in solid-

organ transplant recipients: impact and implications for management.
Clin Infect Dis. 1998;27:1266-1277.

. Aguado JM, Herrero JA, Gavalda J, et al. Clinical presentation and

outcome of tuberculosis in kidney, liver, and heart transplant recipients
in Spain. Spanish Transplantation Infection Study Group, GESITRA.
Transplantation. 1997;63:1278-1286.

Morris M, Daly JS, Blumberg E, et al. Diagnosis and management of
tuberculosis in transplant donors: a donor-derived infections consen-
sus conference report. Am J Transplant. 2012;12:2288-2300.
Santoro-Lopes G, Subramanian AK, Molina I, et al. Tuberculosis
recommendations for solid organ transplant recipients and donors.
Transplantation. 2018;102:S60-S65.

. Latent Tuberculosis Infection: Updated and Consolidated Guidelines

for Programmatic Management. Geneva, Switzerland: World Health
Organization; 2018.

. Shankar MS, Aravindan AN, Sohal PM, et al. The prevalence of tuber-

culin sensitivity and anergy in chronic renal failure in an endemic area:
tuberculin test and the risk of post-transplant tuberculosis. Nephrol
Dial Transplant. 2005;20:2720-2724.

Ministry of Health and Family Welfare. Central Tuberculosis Division.
Available at http://www.tbcindia.gov.in. Accessed June 25, 2022.
Pennington KM, Kennedy CC, Chandra S, et al. Management and
diagnosis of tuberculosis in solid organ transplant candidates and
recipients: expert survey and updated review. J Clin Tuberc Other
Mycobact Dis. 2018;11:37-46.

Gupta KL, Bagai S, Kumar H, et al. Levofloxacin based non-
rifampicin anti-tuberculous therapy: an effective alternative in renal
transplant recipients in resource limited setting. Nephrology (Carlton).
2021;26:178-184.

Agarwal SK, Gupta S, Bhowmik D, et al. Tuberculin skin test for the
diagnosis of latent tuberculosis during renal replacement therapy in an
endemic area: asingle center study. Indian J Nephrol. 2010;20:132-136.
Sundaram M, Adhikary SD, John GT, et al. Tuberculosis in renal trans-
plant recipients. Indian J Urol. 2008;24:396-400.

Pai M, Behr M. Latent Mycobacterium tuberculosis infection and
interferon-gamma release assays. Microbiol Spectr. 2016;4:10.
Chatterjee S, Poonawala H, Jain Y. Drug-resistant tuberculosis: is
India ready for the challenge? BMJ Glob Health. 2018;3:6000971.
Adamu B, Abdu A, Abba AA, et al. Antibiotic prophylaxis for prevent-
ing post solid organ transplant tuberculosis. Cochrane Database Syst
Rev. 2014;2014:CD008597.

John GT, Thomas PP, Thomas M, et al. A double-blind randomized
controlled trial of primary isoniazid prophylaxis in dialysis and trans-
plant patients. Transplantation. 1994;57:1683-1684.

Abad CLR, Deziel PJ, Razonable RR. Treatment of latent TB Infection
and the risk of tuberculosis after solid organ transplantation: compre-
hensive review. Transpl Infect Dis. 2019;21:e13178.

Jha V, Sakhuja V, Gupta D, et al. Successful management of pulmo-
nary tuberculosis in renal allograft recipients in a single center. Kidney
Int. 1999;56:1944-1950.

McGregor MM, Olliaro P, Wolmarans L, et al. Efficacy and safety of
rifabutin in the treatment of patients with newly diagnosed pulmonary
tuberculosis. Am J Respir Crit Care Med. 1996;154:1462-1467.
Ochiai RL, Acosta CJ, Danovaro-Holliday MC, et al. A study of typhoid
fever in five Asian countries: disease burden and implications for con-
trols. Bull World Health Organ. 2008;86:260-268.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Bansal et al 1931

John J, Van Aart CJ, Grassly NC. The burden of typhoid and paraty-
phoid in India: systematic review and meta-analysis. PLoS Negl Trop
Dis. 2016;10:e0004616.

Centers for Disease Control and Prevention (CDC). National Typhoid
and Paratyphoid Fever Surveillance Annual Report, 2016. United
States Department of Health and Human Services, Centers for
Disease Control and Prevention (US); 2021.

Stormon MO, Mclintyre PB, Morris J, et al. Typhoid fever in chil-
dren: diagnostic and therapeutic difficulties. Pediatr Infect Dis J.
1997;16:713-714.

Mogasale V, Desai SN, Mogasale VV, et al. Case fatality rate and
length of hospital stay among patients with typhoid intestinal perfora-
tion in developing countries: a systematic literature review. PLoS One.
2014;9:693784.

Cruz Espinoza LM, McCreedy E, Holm M, et al. Occurrence of typhoid
fever complications and their relation to duration of illness preceding
hospitalization: a systematic literature review and meta-analysis. Clin
Infect Dis. 2019;69(Suppl 6):S435-S448.

Ali G, Rashid S, Kamli MA, et al. Spectrum of neuropsychiatric
complications in 791 cases of typhoid fever. Trop Med Int Health.
1997;2:314-318.

Ejlertsen T, Aunsholt NA. Salmonella bacteremia in renal transplant
recipients. Scand J Infect Dis. 1989;21:241-244.

Parry CM, Wijedoru L, Arjyal A, et al. The utility of diagnostic tests
for enteric fever in endemic locations. Expert Rev Anti Infect Ther.
2011;9:711-725.

Britto CD, Wong VK, Dougan G, et al. A systematic review of antimi-
crobial resistance in Salmonella enterica serovar Typhi, the etiological
agent of typhoid. PLoS Negl Trop Dis. 2018;12:e0006779.

Qamar FN, Yousafzai MT, Dehraj IF, et al. Antimicrobial resistance in
typhoidal Salmonella: surveillance for enteric fever in Asia project,
2016-2019. Clin Infect Dis. 2020;71:5276-S284.

Qamar FN, Yousafzai MT, Khalid M, et al. Outbreak investiga-
tion of ceftriaxone-resistant Salmonella enterica serotype Typhi
and its risk factors among the general population in Hyderabad,
Pakistan: a matched case-control study. Lancet Infect Dis.
2018;18:1368-1376.

Zmora N, Shrestha S, Neuberger A, et al. Open label comparative
trial of mono versus dual antibiotic therapy for Typhoid Fever in adults.
PL0S Neg! Trop Dis. 2018;12:e0006380.

Milligan R, Paul M, Richardson M, et al. Vaccines for preventing
typhoid fever. Cochrane Database Syst Rev. 2018;5:CD001261.
Buchan CA, Kotton CN, AST Infectious Diseases Community of
Practice. Travel medicine, transplant tourism, and the solid organ
transplant recipient-Guidelines from the American Society of
Transplantation Infectious Diseases Community of Practice. Clin
Transplant. 2019;33:€13529.

World Health Organization. Leptospirosis Situation in the WHO South-
East Asia Region; vol 7. World Health Organization; 2009:2011.
Moola S, Beri D, Salam A, et al. Leptospirosis prevalence and risk
factors in India: evidence gap maps. Trop Doct. 2021;51:415-421.
Karpagam KB, Ganesh BL. A neglected tropical zoonotic infection
of public health importance —an updated review. Eur J Clin Microbiol
Infect Dis. 2020;39:835-846.

Lebreton T, Aubrun F, Mabrut JY, et al. Liver transplantation for acute
liver failure attributed to leptospirosis: a report of two cases. Case Rep
Crit Care. 2019;2019:5189542.

Haake DA, Levett PN. Leptospirosis in humans. Curr Top Microbiol
Immunol. 2015;387:65-97.

Bal AE, Gravekamp C, Hartskeerl RA, et al. Detection of leptospires
in urine by PCR for early diagnosis of leptospirosis. J Clin Microbiol.
1994;32:1894-1898.

Centers for Disease Control and Prevention. Travelers’ health.
Available at https://www.cdc.gov/travel/yellowbook/2020/travel-
related-infectious-diseases. Accessed November 25, 2022.
Mukhopadhyay C, Shaw T, Varghese GM, et al. Melioidosis in South
Asia (India, Nepal, Pakistan, Bhutan and Afghanistan). Trop Med
Infect Dis. 2018;3:51.

Currie BJ, Ward L, Cheng AC. The epidemiology and clinical spec-
trum of melioidosis: 540 cases from the 20 year Darwin prospective
study. PLoS Negl Trop Dis. 2010;4:€900.

John GT, Ahmed |, Jacob CK, et al. Melioidosis in a renal transplant
recipient. Transplantation. 2003;76:262.

Varughese S, Mohapatra A, Sahni R, et al. Renal allograft recipient
with melioidosis of the urinary tract. Transpl Infect Dis. 2011;13:95-96.
Sathiavageesan S. Septicemic melioidosis in a transplant recipient
causing graft dysfunction. Indian J Nephrol. 2016;26:379-382.


http://www.tbcindia.gov.in
https://www.cdc.gov/travel/yellowbook/2020/travel-related-infectious-diseases
https://www.cdc.gov/travel/yellowbook/2020/travel-related-infectious-diseases

PISTGHIRA+ZHM8RAAUAVO/FIAEIDVIASALLIAIPO0AEIEAHION/AOAUMYTXOMADUOINX

OHISQBZIYTM+eyNIOITWNOTZTARHJASHAIAUG Ag reuinofuejdsuesy/wod mm| sfeuinol//:dny wouiy papeojumod

€202/50/0T uo

1932 Transplantation m September 2023 m Volume 107 ®m Number 9

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Koshy M, Jagannati M, David T, et al. Clinical profile, susceptibility
patterns, treatment and outcomes of melioidosis in India. Int J Infect
Dis. 2016;45:140.

Luce-Fedrow A, Lehman ML, Kelly DJ, et al. A review of scrub
typhus (Orientia tsutsugamushi and related organisms): then, now,
and tomorrow. Trop Med Infect Dis. 2018;3:8.

Devasagayam E, Dayanand D, Kundu D, et al. The burden of
scrub typhus in India: a systematic review. PLoS Negl Trop Dis.
2021;15:e0009619.

Dhanapriya J, Dineshkumar T, Sakthirajan R, et al. Scrub typhus
meningitis in a renal transplant recipient. Indian J Nephrol.
2017;27:151-153.

Peter JV, Sudarsan Tl, Prakash JAJ, et al. Severe scrub typhus infec-
tion: clinical features, diagnostic challenges and management. World
J Crit Care Med. 2015;4:244-250.

Prakash H, Chakrabarti A. Epidemiology of mucormycosis in India.
Microorganisms. 2021;9:523.

Gupta KL, Bagai S, Ramachandran R, et al. Fungal infection in post-
renal transplant patient: single-center experience. Indian J Pathol
Microbiol. 2020;63:587-592.

Singh N, Aguado JM, Bonatti H, et al. Zygomycosis in solid
organ transplant recipients: a prospective, matched case-con-
trol study to assess risks for disease and outcome. J Infect Dis.
2009;200:1002-1011.

Pal R, Singh B, Bhadada SK, et al. COVID-19-associated mucor-
mycosis: an updated systematic review of literature. Mycoses.
2021;64:1452-1459.

Bansal SB, Rana A, Babras M, et al. Risk factors and outcomes
of COVID associated mucormycosis in kidney transplant recipients.
Transpl Infect Dis. 2022;24:e13777.

Skiada A, Lass-Floerl C, Kiimko N, et al. Challenges in the
diagnosis and treatment of mucormycosis. Med Mycol.
2018;56:59393-SS101.

Randhawa HS, Gugnani HC. Occurrence of histoplasmosis in the
Indian subcontinent: an overview and update. J Med Res Pract.
2018;7:71-83.

Rana A, Kotton CN, Mahapatra A, et al. Post kidney transplant his-
toplasmosis: an under-recognized diagnosis in India. Transpl Infect
Dis. 2021;23:e13523.

Chakrabarti A, Slavin MA. Endemic fungal infections in the Asia-
Pacific region. Med Mycol. 2011;49:337-344.

Kauffman CA, Freifeld AG, Andes DR, et al. Endemic fungal infec-
tions in solid organ and hematopoietic cell transplant recipients
enrolled in the Transplant-Associated Infection Surveillance Network
(TRANSNET). Transpl Infect Dis. 2014;16:213-224.

Limaye AP, Connolly PA, Sagar M, et al. Transmission of his-
toplasma capsulatum by organ transplantation. N Engl J Med.
2000;343:1163-1166.

Abdala E, Miller R, Pasqualotto AC, et al. Endemic fungal infection
recommendations for solid-organ transplant recipients and donors.
Transplantation. 2018;102:552-S59.

Miller R, Assi M; AST Infectious Diseases Community of Practice.
Endemic fungal infections in solid organ transplant recipients—
guidelines from the American Society of Transplantation Infectious
Diseases Community of Practice. Clin Transplant. 2019;33:e13553.
Sethuraman N, Thirunarayan MA, Gopalakrishnan R, et al.
Talaromyces marneffei outside endemic areas in India: an emerging
infection with atypical clinical presentations and review of published
reports from India. Mycopathologia. 2020;185:893-904.
Narayanasamy S, Dat VQ, Thanh NT, et al. A global call for talaromy-
cosis to be recognised as a neglected tropical disease. Lancet Glob
Health. 2021;9:e1618-e1622.

Chan JF, Lau SK, Yuen KY, et al. Talaromyces (Penicillium) marn-
effei infection in non-HIV-infected patients. Emerg Microbes Infect.
2016;5:e19.

Orofino-Costa R, Macedo PM, Rodrigues AM, et al. Sporotrichosis:
an update on epidemiology, etiopathogenesis, laboratory and clinical
therapeutics. An Bras Dermatol. 2017;92:606-620.

Govender NP, Maphanga TG, Zulu TG, et al. An outbreak of
Lymphocutaneous Sporotrichosis among mine-workers in South
Africa. PLoS Negl Trop Dis. 2015;9:e0004096.

Chakrabarti A, Bonifaz A, Gutierrez-Galhardo MC, et al. Global epi-
demiology of sporotrichosis. Med Mycol. 2015;53:3-14.

Verma S, Verma GK, Singh G, et al. Sporotrichosis in sub-Himalayan
India. PLoS Negl Trop Dis. 2012;6:e1673.

Queiroz-Telles F, Buccheri R, Benard G. Sporotrichosis in immuno-
compromised hosts. J Fungi (Basel). 2019;5:8.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

106.

106.

107.

108.

109.

110.

111.

112.

www.transplantjournal.com

Ganeshkumar P, Murhekar MV, Poornima V, et al. Dengue infection
in India: a systematic review and meta-analysis. PLoS Neg! Trop Dis.
2018;12:e0006618.

Tissera H, Amarasinghe A, Gunasena S, et al. Laboratory-enhanced
dengue sentinel surveillance in Colombo District, Sri Lanka: 2012-
2014. PLoS Negl Trop Dis. 2016;10:e0004477.

Translational Research Consortia (TRC) for Chikungunya Virus
in India. Current status of chikungunya in India. Front Microbiol.
2021;12:695173.

Sharma V, Sharma M, Dhull D, et al. Zika virus: an emerging chal-
lenge to public health worldwide. Can J Microbiol. 2020;66:87-98.
Saigal S, Choudhary NS, Saraf N, et al. Transmission of dengue virus
from a donor to a recipient after living donor liver transplantation.
Liver Transpl. 2013;19:1413-1414.

Bansal SB, Rana A, Gadde A, et al. Dengue infection immediately
after kidney transplantation. Transplantation. 2022;106:354-e355.
Burt FJ, Rolph MS, Rulli NE, et al. Chikungunya: a re-emerging virus.
Lancet. 2012;379:662-671.

Simmons CP, Farrar JJ, Nguyen V, et al. Dengue. N Engl J Med.
2012;366:1423-1432.

Prasad N, Bhadauria D, Sharma RK, et al. Dengue virus infection in
renal allograft recipients: a case series during 2010 outbreak. Transp!
Infect Dis. 2012;14:163-168.

Tavares BM, Fernandes PF, Oliveira CMC, et al. Chikungunya
on kidney transplant recipients: is it the same? Transplantation.
2019;103:441-445.

Morris MI, Grossi P, Nogueira ML, et al. Arboviruses recom-
mendations for solid-organ transplant recipients and donors.
Transplantation. 2018;102:342-S51.

Kulkarni R, Sapkal GN, Kaushal H, et al. M8: Japanese encephalitis:
a brief review on Indian perspectives. Open Virol J. 2018;12:121.
Kumari R, Joshi PL. A review of Japanese encephalitis in
Uttar Pradesh, India. WHO South East Asia J Public Health.
2012;1:374-395.

QiZL, Sun LY, Bai J, et al. Japanese encephalitis following liver trans-
plantation: a rare case report. World J Clin Cases. 2020;8:337-342.
Cheng VCC, Sridhar S, Wong SC, et al. Japanese encephalitis virus
transmitted via blood transfusion, Hong Kong, China. Emerg Infect
Dis. 2018;24:49-57.

Basavaraju SV, Kuehnert MJ, Zaki SR, et al. Encephalitis caused
by pathogens transmitted through organ transplants, United States,
2002-2013. Emerg Infect Dis. 2014;20:1443-1451.

Kakkar M, Dhole TN, Rogawski ET, et al. Public health laboratory
surveillance and diagnosis of Japanese encephalitis: time to revisit.
Indian Pediatr. 2016;53:33-35.

Roberts A, Gandhi S. Japanese encephalitis virus: a review on
emerging diagnostic techniques. Front Biosci (Landmark Ed).
2020;25:1875-1893.

Singh A, Mitra M, Sampath G, et al. A Japanese encephalitis vaccine
from India induces durable and cross-protective immunity against
temporally and spatially wide-ranging global field strains. J Infect Dis.
2015;212:715-725.

Radhakrishnan S, Vanak AT, Nouvellet P, et al. Rabies as a public
health concern in India—a historical perspective. Trop Med Infect
Dis. 2020;5:162.

Dietzschold B, Li J, Faber M, et al. Concepts in the pathogenesis of
rabies. Future Virol. 2008;3:481-490.

Zhang J, Lin J, Tian Y, et al. Transmission of rabies through solid
organ transplantation: a notable problem in China. BMC Infect Dis.
2018;18:273.

Mani RS, Madhusudana SN. Laboratory diagnosis of human rabies:
recent advances. ScientificWorlddJ. 2013;2013:569712.

World Health Organization. WHO Expert Consultation on Rabies
[Third Report]; vol 1012. World Health Organization; 2018.

Verma R, Khanna P, Chawla S. Recommended vaccines
for international travelers to India. Hum Vaccin Immunother.
2015;11:2455-2457.

Sharma RK, Thakor HG, Saha KB, et al. Malaria situation in
India with special reference to tribal areas. Indian J Med Res.
2015;141:537-545.

Chiche L, Lesage A, Duhamel C, et al. Posttransplant malaria:
first case of transmission of Plasmodium falciparum from a
white multiorgan donor to four recipients. Transplantation.
2003;75:166-167.

Bemelman F, De Blok K, De Vries P, et al. Falciparum malaria trans-
mitted by a thick blood smear negative kidney donor. Scand J Infect
Dis. 2004;36:769-771.



PISTGHIRA+ZHM8RAAUAVO/FIAEIDVIASALLIAIPO0AEIEAHION/AOAUMYTXOMADUOINX

OHISQBZIYTM+eyNIOITWNOTZTARHJASHAIAUG Ag reuinofuejdsuesy/wod mm| sfeuinol//:dny wouiy papeojumod

€202/50/0T uo

© 2023 Wolters Kluwer

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

Crafa F, Gugenheim J, Fabiani P, et al. Possible transmission of
malaria by liver transplantation. Transplant Proc. 1991;23:2664.
Ashley EA, Pyae Phyo A, Woodrow CM. Malaria. Lancet.
2018;391:1608-1621.

Barsoum RS. Parasitic infections in organ transplantation. Exp Clin
Transplant. 2004;2:258-267.

Wotyniec W, Sulima M, Renke M, et al. Parasitic infections associ-
ated with unfavourable outcomes in transplant recipients. Medicina
(Kaunas). 2018;54:27.

Menichetti F, Bindi ML, Tascini C, et al. Fever, mental impairment,
acute anemia, and renal failure in patient undergoing orthotopic
liver transplantation: posttransplantation malaria. Liver Transpl.
2006;12:674-676.

Coster LOB. Parasitic infections in solid organ transplant recipients.
Infect Dis Clin North Am. 2013;27:395-427.

Dubey JP. History of the discovery of the life cycle of Toxoplasma
gondii. Int J Parasitol. 2009;39:877-882.

Dhumne M, SenGupta C, Kadival G, et al. National seroprevalence
of Toxoplasma gondii in India. J Parasitol. 2007;93:1520-1521.
Khan MU, Rashid |, Akbar H, et al. Seroprevalence of Toxoplasma
gondii in South Asian countries. Rev Sci Tech. 2017;36:981-996.
Khurana S, Batra N. Toxoplasmosis in organ transplant recipi-
ents: evaluation, implication, and prevention. Trop Parasitol.
2016;6:123-128.

Fabiani S, Fortunato S, Bruschi F. Solid organ transplant and para-
sitic diseases: a review of the clinical cases in the last two decades.
Pathogens. 2018;7:65.

La Hoz RM, Morris MI; Infectious Diseases Community of Practice of
the American Society of Transplantation. Tissue and blood protozoa
including toxoplasmosis, Chagas disease, leishmaniasis, Babesia,
Acanthamoeba, Balamuthia, and Naegleria in solid organ transplant
recipients —Guidelines from the American Society of Transplantation
Infectious Diseases Community of Practice. Clin Transplant.
2019;33:613546.

Torres-Guerrero E, Quintanilla-Cedillo MR, Ruiz-Esmenjaud J, et al.
Leishmaniasis: a review. F1000Res. 2017;6:750.

Bern C, Courtenay O, Alvar J. Of cattle, sand flies and men: a
systematic review of risk factor analyses for South Asian visceral
leishmaniasis and implications for elimination. PLoS Negl Trop Dis.
2010;4:€599.

Rijal S, Sundar S, Mondal D, et al. Eliminating visceral leishmaniasis
in South Asia: the road ahead. BMJ. 2019;364:k5224.

Antinori S, Cascio A, Parravicini C, et al. Leishmaniasis among organ
transplant recipients. Lancet Infect Dis. 2008;8:191-199.

Dhaliwal A, Chauhan A, Aggarwal D, et al. Donor acquired visceral
leishmaniasis following liver transplantation. Frontline Gastroenterol.
2021;12:690-694.

Rana A, Gadde A, Lippi L, et al. Visceral leishmaniasis after kidney
transplant: an unusual presentation and mode of diagnosis. Exp Clin
Transplant. 2022;20:311-315.

Fletcher K, Issa R, Lockwood DN. Visceral leishmaniasis and immu-
nocompromise as a risk factor for the development of visceral leish-
maniasis: a changing pattern at the Hospital for Tropical Diseases,
London. PLoS One. 2015;10:e0121418.

Clemente WT, Mourdo PHO, Lopez-Medrano F, et al. Visceral and
cutaneous leishmaniasis recommendations for solid organ trans-
plant recipients and donors. Transplantation. 2018;102:S8-S15.
Centers for Disease Control and Prevention. Resources for health pro-
fessionals. Available at https://www.cdc.gov/parasites/leishmaniasis/
health_professionals/index.html#tx. Accessed November 25, 2022.
Bhadauria D, Goel A, Kaul A, et al. Cryptosporidium infection
after renal transplantation in an endemic area. Transpl Infect Dis.
2015;17:48-55.

Raja K, Abbas Z, Hassan SM, et al. Prevalence of cryptosporidiosis
in renal transplant recipients presenting with acute diarrhea at a sin-
gle center in Pakistan. J Nephropathol. 2014;3:127-131.

Ghoshal U, Ranjan P, Dey A, et al. Intestinal cryptosporidiosis in renal
transplant recipients: prevalence, species detection and compara-
tive evaluation of SSU rRNA and Cryptosporidium oocyst wall pro-
tein genes. Indian J Med Microbiol. 2018;36:247-250.

Chen XM, Keithly JS, Paya CV, LaRusso NF. Cryptosporidiosis. N
Engl J Med. 2002;346:1723-1731.

Hunter PR, Nichols G. Epidemiology and clinical features of
Cryptosporidium infection in immunocompromised patients. Clin
Microbiol Rev. 2002;15:145-154.

Khurana S, Sharma P, Sharma A, et al. Evaluation of Ziehl-Neelsen
staining, auramine phenol staining, antigen detection enzyme linked

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

162.

153.

154.

155.

156.

167.

1568.

169.

160.

161.

162.

163.

164.

165.

166.

Bansal et al 1933

immunosorbent assay and polymerase chain reaction, for the diag-
nosis of intestinal cryptosporidiosis. Trop Parasitol. 2012;2:20-23.
La Hoz RM, Morris MI; AST Infectious Diseases Community of
Practice. Intestinal parasites including Cryptosporidium, Cyclospora,
Giardia, and Microsporidia, Entamoeba histolytica, Strongyloides,
Schistosomiasis, and Echinococcus: guidelines from the American
Society of Transplantation Infectious Diseases Community of
Practice. Clin Transplant. 2019;33:613618.

Cabada MM, WhiteACJr. Treatment of cryptosporidiosis: do we know
what we think we know? Curr Opin Infect Dis. 2010;23:494-499.
Schér F, Trostdorf U, Giardina F, et al. Strongyloides stercoralis: global
distribution and risk factors. PLoS Negl Trop Dis. 2013;7:€2288.
Vasquez-Rios G, Pineda-Reyes R, Pineda-Reyes J, et al.
Strongyloides stercoralis hyperinfection syndrome: a deeper under-
standing of a neglected disease. J Parasit Dis. 2019;43:167-175.
Roxby AC, Gottlieb GS, Limaye AP. Strongyloidiasis in transplant
patients. Clin Infect Dis. 2009;49:1411-1423.

Abanyie FA, Gray EB, Delli Carpini KW, et al. Donor-derived
Strongyloides stercoralis infection in  solid organ transplant
recipients in the United States, 2009-2013. Am J Transplant.
2015;15:1369-1375.

Buonfrate D, Requena-Mendez A, Angheben A, et al. Severe stron-
gyloidiasis: a systematic review of case reports. BMC Infect Dis.
2013;13:78.

Bisoffi Z, Buonfrate D, Sequi M, et al. Diagnostic accuracy of five
serologic tests for Strongyloides stercoralis infection. PLoS Neg
[Trop Dis. 2014;8:2640.

Luvira V, Trakulhun K, Mungthin M, et al. Comparative diagnosis of
strongyloidiasis in immunocompromised patients. Am J Trop Med
Hyg. 2016;95:401-404.

Henriquez-Camacho C, Gotuzzo E, Echevarria J, et al. Ivermectin
versus albendazole or thiabendazole for Strongyloides stercoralis
infection. Cochrane Database Syst Rev. 2016;2016:CD007745.
Martinez-Perez A, Roure Diez S, Belhassen-Garcia M, et al.
Management of severe strongyloidiasis attended at reference cent-
ers in Spain. PLoS Negl Trop Dis. 2018;12:e0006272.

Fusco DN, Downs JA, Satlin MJ, et al. Non-oral treatment with
ivermectin for disseminated strongyloidiasis. Am J Trop Med Hyg.
2010;83:879-883.

Hennessey DC, Ballesteros OA, Merchan DJ, et al. Subcutaneous
ivermectin for the treatment of the hyperinfection syndrome by
Strongyloides stercoralis. Biomedica. 2020;40:228-232.

de Oliveira SR, Caleffe RRT, Gigliolli AAS, et al. Developmental
changes in larvae of the oriental latrine fly, Chrysomya megacephala,
exposed to deltamethrin. Parasitol Res. 2021;120:1-7.

Newman TE, Juergens AL. Filariasis. In: StatPearls [Internet].
Treasure Island, FL: StatPearls Publishing; 2022. Available at https://
www.ncbi.nim.nih.gov/books/NBK556012.

John TJ, Dandona L, Sharma VP, et al. Continuing challenge of
infectious diseases in India. Lancet. 2011;377:252-269.

Gupta RK, Jain M. Renal transplantation: potential source of micro-
filarial transmission. Transplant Proc. 1998;30:4320-4321.

Vanikar AV, Suthar KS, Kute VB, et al. Incidentally detected lym-
phatic filariasis in a renal allograft recipient. Int J Organ Transplant
Med. 2013;4:123-124.

Weil GJ, Jacobson JA, King JD. A triple-drug treatment regimen
to accelerate elimination of lymphatic filariasis: from conception to
delivery. Int Health. 2020;13:S60-S64.

Franco E, Meleleo C, Serino L, et al. Hepatitis A: epidemiology and
prevention in developing countries. World J Hepatol. 2012;4:68-73.
Arankalle V, Mitra M, Bhave S, et al. Changing epidemiology of hepa-
titis A virus in Indian children. Vaccin Dev Ther. 2014;4:7.

Butt AS. Epidemiology of viral hepatitis and liver diseases in Pakistan.
Euroasian J Hepatogastroenterol. 2015;5:43-48.

Mallick S, Nair K, Thillai M, et al. Liver transplant in acute liver failure —
looking back over 10 years. J Clin Exp Hepatol. 2020;10:322-328.
Victor JC, Monto AS, Surdina TY, et al. Hepatitis A vaccine ver-
sus immune globulin for postexposure prophylaxis. N Engl J Med.
2007;357:1685-1694.

Goel A, Aggarwal R. Advances in hepatitis E—II: epidemiol-
ogy, clinical manifestations, treatment and prevention. Expert Rev
Gastroenterol Hepatol. 2016;10:1065-1074.

Kumar R, Gupta S, Kaur A, et al. Seroprevalence and changing
trends of transfusion transmitted infections among blood donors in a
tertiary care hospital. Indian J Community Health. 2015;27:25-29.
Shrestha A. Epidemiology of viral hepatitis and liver diseases in
Nepal. Euroasian J Hepatogastroenterol. 2015;5:40-42.


https://www.cdc.gov/parasites/leishmaniasis/health_professionals/index.html#tx
https://www.cdc.gov/parasites/leishmaniasis/health_professionals/index.html#tx
https://www.ncbi.nlm.nih.gov/books/NBK556012
https://www.ncbi.nlm.nih.gov/books/NBK556012

PISTGHIRA+ZHM8RAAUAVO/FIAEIDVIASALLIAIPO0AEIEAHION/AOAUMYTXOMADUOINX

OHISQBZIYTM+eyNIOITWNOTZTARHJASHAIAUG Ag reuinofuejdsuesy/wod mm| sfeuinol//:dny wouiy papeojumod

€202/50/0T uo

1934 Transplantation m September 2023 m Volume 107 ® Number 9

167.

168.

169.

170.

171.

172.

1783.

174.

176.

176.

177.

178.

179.

180.

181.

182.

183.

Mamun-Al-Mahtab MM. Past, present, and future of viral hepatitis in
Bangladesh. Euroasian J Hepatogastroenterol. 2016;6:43-44.
Hansrivijit P, Trongtorsak A, Puthenpura MM, et al. Hepatitis E in
solid organ transplant recipients: a systematic review and meta-
analysis. World J Gastroenterol. 2021;27:1240-1254.

Aggarwal A, Perumpail RB, Tummala S, et al. Hepatitis E virus infec-
tion in the liver transplant recipients: clinical presentation and man-
agement. World J Hepatol. 2016;8:117-122.

Kamar N, Garrouste C, Haagsma EB, et al. Factors associ-
ated with chronic hepatitis in patients with hepatitis E virus infec-
tion who have received solid organ transplants. Gastroenterology.
2011;140:1481-1489.

Anand AC, Goyal N, Garg HK, et al. What is the risk of graft reinfec-
tion in case of liver transplantation for patients with acute HEV or
HAV infection? J Clin Exp Hepatol. 2017;7:163.

Kamar N, Abravanel F, Behrendt P, et al. Ribavirin for hepatitis E virus
infection after organ transplantation: a large European retrospective
multicenter study. Clin Infect Dis. 2020;71:1204-1211.

Polaris Observatory HCV Collaborators. Global prevalence and gen-
otype distribution of hepatitis C virus infection in 2015: a modelling
study. Lancet Gastroenterol Hepatol. 2017;2:161-176.

Acharya SK, Madan K, Dattagupta S, et al. Viral hepatitis in India.
Natl Med J India. 2006;19:203-217.

Heo NY, Mannalithara A, Kim D, et al. Long-term patient and graft
survival of kidney transplant recipients with hepatitis C virus infection
in the United States. Transplantation. 2018;102:454-460.

Dumitra S, Alabbad SI, Barkun JS, et al. Hepatitis C infection and
hepatocellular carcinoma in liver transplantation: a 20-year experi-
ence. HPB (Oxford). 2013;15:724-731.

Manzardo C, Londofio MC, Castells L, et al. Direct-acting antivirals
are effective and safe in HCV/HIV-coinfected liver transplant recipi-
ents who experience recurrence of hepatitis C: a prospective nation-
wide cohort study. Am J Transplant. 2018;18:2513-2522.

Pol S, Parlati L, Jadoul M. Hepatitis C virus and the kidney. Nat Rev
Nephrol. 2019;15:73-86.

Wolfe CR, Ison MG; AST Infectious Diseases Community of Practice.
Donor-derived infections: guidelines from the American Society of
Transplantation Infectious Diseases Community of Practice. Clin
Transplant. 2019;33:e13547.

Levitsky J, Formica R, Bloom R, et al. The American Society of
Transplant Consens Conference on the Use of Hepatitis C Viremic
Donors in Solid Organ Transplantation. Wiley Online Library; 2017.
Weinfurtner K, Reddy KR. Hepatitis C viraemic organs in solid organ
transplantation. J Hepatol. 2021;74:716-733.

Goldberg DS, Abt PL, Blumberg EA, et al. Trial of transplantation
of HCV-infected kidneys into uninfected recipients. N Engl J Med.
2017;376:2394-2395.

Trépo C, Chan HL, Lok A. Hepatitis B virus infection. Lancet.
2014;384:2053-2068.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

www.transplantjournal.com

Sarin SK, Kumar M, Eslam M, et al. Liver diseases in the Asia-Pacific
region: a Lancet Gastroenterology & Hepatology Commission.
Lancet Gastroenterol Hepatol. 2020;5:167-228.

Lenci |, Milana M, Grassi G, et al. Hepatitis B virus recurrence after
liver transplantation: an old tale or a clear and present danger? World
J Gastroenterol. 2020;26:2166-2176.

Dhillon GS, Levitt J, Mallidi H, et al. Impact of hepatitis B core
antibody positive donors in lung and heart-lung transplantation:
an analysis of the United Network for Organ Sharing Database.
Transplantation. 2009;88:842-846.

Pilmore HL, Gane EJ. Hepatitis B-positive donors in renal trans-
plantation: increasing the deceased donor pool. Transplantation.
2012;94:205-210.

Cholongitas E, Papatheodoridis GV, Burroughs AK. Liver grafts from
anti-hepatitis B core positive donors: a systematic review. J Hepatol.
2010;562:272-279.

Huprikar S, Danziger-Isakov L, Ahn J, et al. Solid organ transplanta-
tion from hepatitis B virus—positive donors: consensus guidelines for
recipient management. Am J Transplant. 2015;15:1162-1172.
Hughes SA, Wedemeyer H, Harrison PM. Hepatitis delta virus.
Lancet. 2011;378:73-85.

Jat SL, Gupta N, Kumar T, et al. Prevalence of hepatitis D virus infec-
tion among hepatitis B virus-infected individuals in India. /ndian J
Gastroenterol. 2015;34:164-168.

Abbas Z, Jafri W, Raza S. Hepatitis D: scenario in the Asia-Pacific
region. World J Gastroenterol. 2010;16:554-562.

Subramanian A. Diarrhea in organ transplant recipients. Available at
http://www.antimicrobe.org/new/t12_dw.html. Accessed November
25, 2022.

Steffen R, Hill DR, DuPont HL. Traveler’s diarrhea: a clinical review.
JAMA. 2015;3183:71-80.

Beeching NJ, Carratala J, Razonable RR, et al. Traveler’s Diarrhea
recommendations for solid organ transplant recipients and donors.
Transplantation. 2018;102:S35-S41.

Riddle MS, Connor BA, Beeching NJ, et al. Guidelines for the pre-
vention and treatment of travelers’ diarrhea: a graded expert panel
report. J Travel Med. 2017;24:S63S57-S63S80.

Rubin LG, Levin MJ, Ljungman P, et al. 2013 IDSA clinical practice
guideline for vaccination of the immunocompromised host [pub-
lished correction appears in Clin Infect Dis. 2014;59(1):144]. Clin
Infect Dis. 2014;58:e44-e100.

Danziger-lsakov L, Kumar D; AST ID Community of Practice.
Vaccination of solid organ transplant candidates and recipi-
ents: guidelines from the American Society of Transplantation
Infectious Diseases Community of Practice. Clin Transplant.
2019;33:13563.

Verma R, Khanna P, Chawla S. Adult immunization in India:
importance and recommendations. Hum Vaccin Immunother.
2015;11:2180-2182.


http://www.antimicrobe.org/new/t12_dw.html

