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Abstract

A 48-year-old male kidney-transplant recipient was bitten by a rabid dog. His immunosuppressive
treatment consisted of cyclosporine 60mg b.i.d., mycophenolate mofetil (MMF) 250mg t.i.d., and
prednisone 5 mg. After wound care, he received 5 doses of purified vero cell rabies vaccine on
days 0, 3,7,14, and 28, and human rabies immunoglobulin, according to international guidelines.
Adequate levels of rabies virus neutralizing antibodies were observed after the administration of
the third vaccine dose. However, a decrease of antibody titer was detected by day 28.
Immunosuppressive medication was minimized, withdrawing MMF and reducing the dose of
cyclosporine Booster doses of the same vaccine were administered on days 38,41,45,52, and 66.
Adequate neutralizing antibody response was recovered during the ensuing 12 months, under
reduced immunosuppression. Nineteen months after the incident, the patient remains with good
graft function and is asymptomatic for rabies. It remains to be determined whether the attained
immune response was either the result of the booster vaccinations or the reduction of
immunosuppression alone. Nevertheless, such an outcome would have been possible only with the
combined management strategy implemented.
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Rabies is caused by rhabdoviruses in the genus Lyssavirus, family Rhabdoviridae, typically
transmitted through the saliva of infected animals (1). This disease is almost invariably fatal
once clinical symptoms appear (2). According to World Health Organization (WHQO) more
than 55,000 human rabies cases occur worldwide each year (3), with the majority attributed
to enzootic dog rabies in developing countries.

After the initiation of the “‘Urban Canine Rabies Elimination in the Americas’ program, a
mass canine vaccination campaign was initiated in Mexico in 1990. During 2009, more than
17 million dogs were vaccinated in this country, compared with only 7 million in 1990 (5).
Although rabies incidence in animals decreased in direct correlation to the number of
vaccinated dogs, 7 human rabies cases associated with dogs were documented during 1996—
2009. In addition, 26 other human rabies cases related to wildlife exposure were reported in
the same period (4, 5). All over the country, the cumulative number of inhabitants attacked
by dogs for the period 2000-2009 was 936,000 (an estimated average of 94,000 persons per
year), all of them received medical attention, and treatment was started in 313,000 (33.4%)
of them in accordance to risk evaluation (6).

During 2004,4 transplant recipients succumbed to rabies in the USA, after receiving grafts
from a donor with unrecognized rabies (7). Three other organ transplant recipients died of
rabies in Germany, after receiving grafts from a donor exposed to a rabid dog in India (8). In
addition 8 cases have been documented historically as the result of corneal transplantation
from donors with rabies (9).

No specific information is available regarding the management of transplant recipients bitten
by rabid animals. Recently, Cramer et al. (10) in 2008 reported 8 pediatric solid organ
transplant recipients potentially exposed to rabies. All patients received rabies vaccine and
human rabies immunoglobulin (HRIG), according to the standard Advisory Committee on
Immunization Practices (ACIP) recommendations (11), which resulted in the development
of antibody titers above the arbitrary cutoff value considered as an indicator of adequate
humoral immune response (0.5 IU/mL). These titers were attained within 1 month in 7
subjects and within 6 months for 1 individual.

The aim of this investigation was to report the management strategy and the immune
response of a kidney transplant recipient under immunosuppressive medication, who was
bitten by a rabid dog.

Case report

A 42-year-old male patient received a deceased donor kidney transplant on October 10,1996.
The donor was a 40-year-old female with 4 human leukocyte antigen (HLA) mismatches.
After 3 episodes of acute cellular rejection, treated with methylprednisolone pulses and
OKT3 monoclonal antibodies, he developed lymphoproliferative disease limited to the graft.
On January 1998, a graft nephrectomy was performed followed by local radiotherapy (12).

During February 2002, at age 48, the patient received a second kidney transplant from a 16-
year-old deceased male with 6 HLA mismatches. By January 2009, his renal function was
stable with a serum creatinine (SCr) of 1.35 mg/dL and an estimated glomerular filtration
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rate (eGFR) by modification of diet in real disease (MDRD) of 60.2 mL/min, receiving
cyclosporine (CsA) 60 mg twice daily (mean CsA trough levels of 60 ng/mL),
mycophenolate mofetil (MMF) 250 mg 3 times a day, and prednisone 5 mg/day to maintain
moderate immunosuppression.

During January 2009, the patient was bitten on the leg by a suspected rabid dog. The dog
was captured and euthanized on the same day. Rabies was confirmed at the State Laboratory
of Public Health in Hidalgo, and re-confirmed by the National Reference Laboratory
(InDRE) in Mexico City. Diagnosis was performed by the direct fluorescent antibody test,
and rabies virus (RABV) was subsequently characterized as a dog-related RABV variant VI,
by antigenic and gene sequencing typing.

On the day of exposure, the patient received immediate care in the emergency room. The
wound was cleaned thoroughly, and post-exposure rabies prophylaxis (PEP) was
administered according to Mexican Ministry of Health guidelines (13), which essentially
corresponds to the ACIP recommendations. Briefly, prophylaxis consisted of a single dose
of HRIG, 201U/kg body weight, resulting in the infiltration of 795 IU around the wound and
the remaining 780 IU applied intramuscularly. Active immunization was also administered
with 5 doses of purified vero cell vaccine (PVCV, 0.5 mL each), on days 0,3,7,14, and 28, in
the deltoid muscle.

Rabies-virus neutralizing antibody (VNA) titers were determined by the rapid fluorescent
focus inhibition test (14). Adequate\VVNA titers were obtained on days 10 and 16 after the
beginning of PEP. However, a decrease of VNA titers below 0.5 IU/mL was detected by the
end of the vaccination scheme, on day 28. Consequently, immunosuppressive medication
was minimized, withdrawing MMF and reducing the dose of CsA to levels of ~ 50 ng/mL.
In addition, further PVCV doses were administered on days 38, 41,45, 52, and 66, followed
by sequential antibody monitoring over a year. An adequate humoral response was observed
throughout the observation period (Table 1), even with immunosuppressive medication,
consisting of CsA with a dose of 60 mg in the morning and 50 mg in the evening, together
with prednisone at a dose of 7.5 mg/day (Fig. 1,Table 1).

Nineteen months after the exposure and PEP initiation, under the same immunosuppressive
scheme and doses mentioned previously, the patient remains asymptomatic with stable graft
function, SCr 1.3mg/dL, and eGFR by MDRD 62.36 mL/min.

Discussion

This report describes PEP and the resulting immune response in an immunosuppressed
kidney transplant recipient bitten by a rabid dog. The standard PEP resulted in VNA titers in
serum, transiently above an adequate value of 0.5 IU/mL. Thereafter, this was followed by a
decrease in VNA by day 28 when the 5th dose of PVCV was administered (Table 1).This
observation likely reflected the effects of the patient’s immunosuppressive regimen, and
additional interventions were required to achieve an efficient and sustained immune
response. Thus, immunosuppressive treatment was decreased by MMF withdrawal and a
tapering of CsA, even though the maintenance dosages of the immunosuppressive scheme
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before exposure were relatively low Furthermore, a second series of 5 doses of rabies
vaccine was administered, and an adequate immune response was finally achieved. Whether
this patient would have showed a suitable increase in VNA titers solely by reducing the
immunosuppression by the end of the first PVCV scheme remains uncertain. However, given
the risk of rabies, the patient was given an additional 5 doses of rabies vaccine. The PVCV
has safety and efficacy records comparable to those of the human diploid cell vaccine, and
complies with the WHO recommended potency (15).

Safety and efficacy of such vaccines, particularly in combination with proper wound care
and administration of HRIG, has been shown repeatedly in animal experiments, clinical
trials, and evidence-based observations (11,16).

Although immunosuppression compromises host defenses and may create a favorable
environment for viral replication, the effect of therapeutic immunosuppression on RABV is
not well studied. Information is scarce about PEP in immunocompromised organ-
transplanted individuals and their subsequent immune response. Cramer et al. (10) in 2008
reported on 8 pediatric solid organ transplant recipients (5 liver, 3 kidney) potentially
exposed to a rabid bat found in their cabin at a summer camp. All patients received standard
PEP which resulted in adequate antibody production. None of these patients developed
rabies, or any severe adverse reactions to PEP and none developed allograft rejection.
According to the serologic response, patients on tacrolimus monotherapy achieved higher
VNA titers compared with transplant recipients on triple drug therapy (10). It is important to
stress even further that the patient reported herein had no allograft rejection or decline in
graft function after receiving the immunization scheme, which included extra doses of
vaccine.

Our case report provides new information on management of an immunosuppressed patient
who received PEP, with successful development of immune response, as indicated by VNA
titers, after modification of immunosuppressive treatment and a secondary PEP regimen.
The monitoring schedule of VVNAtiters was decided by the medical group in charge; it is
important to mention this, because no national or international established scheme exists for
immune response follow-up after rabies vaccine application in an immunosuppressed
patient.

Several essential questions remain to be resolved. Is the recommended PEP schedule equally
effective in all transplant recipients? How is the immune response post-vaccination linked to
the intensity of immunosuppression and specific immunosuppressive medication? Is there a
need for an extended PEP series in some patients? How long should rabies VNA titers be
monitored after immunization of such patients? Is it critical to reduce immunosuppressive
medication in such patients to achieve an adequate immune response? As at the moment we
do not have adequate experimental and clinical data to address these questions, cases like the
one described in our report must be considered individually, via collegial decision of experts
in relevant medical areas based upon the evidence at hand.
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Fig 1.
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Dynamics of rabies virus neutralizing antibodies (Abs), and serum creatinine (SCr) in the
patient’s serum. Timing of vaccine schemes, and immunosuppression minimization, are also
depicted. MMF, mycophenolate mofetil; CsA,cyclosporine.
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Table 1

Patient rabies virus antibody titer, post Immunization

Date ofsampleforAbtesting,1 month/day/year (#of days after PEP 2
Dose number/date of vaccine application  started) Abstiter~ 1U/mL

First vaccine scheme

1duosnuen Joyiny
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1st 01/21/2009 - -
2nd 01/23/2009 - -
3rd 01/28/2009 - -
01/31/2009 (10) 0.69
4th 02/03/2009 - -
02/06/2009 (16) 0.7
5th 0217/20093 02/17/2009 (28)4 0.314
Second vaccine scheme
1st 02/27/2009 - -
2nd 03/02/2009 03/02/2009 (41) 0.97
3rd 03/06/2009 - -
03/09/2009 (48) 45
4th 03/13/2009 - -
5th 03/29/2009 - -
05/06/2009 (106) 4.5
09/14/2009 (236) 0.8
11/25/2009 (308) 0.8
01/21/2010 (365) 0.54

Samples tested using the rapid fluorescent focus inhibition titer test.
2Iiters > 0.5 IU/mL are considered adequate.
3Fifth dose administration of the first vaccine scheme.

4Antibody (Abs) titer on day 28 th of first PVCV dose administration.
PEP, post-exposure rabies prophylaxis; PVCV, purified vero cell vaccine.

The bold represents the date when VNA decreased below 0.5 IU/mL.
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