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ARTICLE INFO ABSTRACT
Article history: Background: Rabies is an endemic fatal zoonotic disease, commonly transmitted to humans through
Received 10 September 2011 contact (bites and scratches) with infected animals.

Received in revised form 7 March 2012

Objectives: During the years 1990-2010, six patients with the clinical symptoms of rabies (fever, tinnitus,
Accepted 28 March 2012

buzzing, delirium and hydrophobia), with no history of a bite, were diagnosed by physicians in Iran. To
obtain laboratory confirmation of rabies infection, different clinical specimens from each patient were
sent to the World Health Organisation (WHO) Collaborating Center for Reference and Research on Rabies,
Pasteur Institute of Iran.

The first case was a 39-year-old male veterinary technician who entered his uncovered scratched hand
into the mouth of a rabid bovine and became infected. Two years later, a herd of sheep being tended by a
shepherd and his two sons were attacked by a rabid wolf. All three individuals were infected when they
applied burnt thorny wool to the sheep’s wounds as a bandage. Their hands were scratched and then
infected through contact with the remaining saliva of the rabid wolf on the sheep’s wounds. In 1994, two
other human cases occurred through corneal transplantation from the same donor who had died with
the clinical signs of food poisoning (according to his hospital record), which probably was a misdiagnosis
of rabies infection.

Study design: This is a case series study that describes human rabies cases without biting incidents.
According to the WHO recommendation, human rabies cases are notifiable, therefore, in Iran, a rabies
surveillance system has been established to follow these cases. During the last decade, six patients with no
‘history of a bite’ were hospitalised with growing symptoms of rabies. The data were collected from each
patient by the physicians and transferred to the Ministry of Health and Medical Education of Iran, and to
the WHO Collaborating Center for Reference and Research on Rabies, Pasteur Institute of Iran as the only
testing laboratory. Thus, they came to the attention of the surveillance system. Ante-mortem diagnosis
was performed on saliva, cerebrospinal fluid and blood samples that were collected from the first patient
by the physicians. Fresh brain specimens from all patients were kept in a mixture of 50% glycerol in
phosphate-buffered saline and transported on ice to the WHO Collaborating Center for Reference and
Research on Rabies.

Results: For the first patient, rabies virus was investigated in saliva using the rapid tissue cell inocula-
tion test (RTCIT) and the mouse inoculation test (MIT). Anti-rabies antibodies in this patient’s serum and
cerebrospinal fluid (CSF) were examined using the mouse neutralisation test (MNT). Fresh brain speci-
mens from all patients were examined using the fluorescence antibody test (FAT) as recommended by
the WHO laboratory manual in rabies as the post-mortem diagnostic test for rabies. Rabies infection was
confirmed in all of the deceased patients. Anti-rabies antibodies were identified only in one patient’s
serum specimen. Testing also showed that the rabies virus isolated was the classic rabies virus (serotype
1), which is widespread in Iran.

Conclusions: Prevention and control of this fatal disease require a sensitive surveillance system to follow
‘suspected’ animal and human rabies cases thoroughly through the improved reporting system, which
contains the history of exposure, clinical examinations, symptoms and laboratory results. This study
describes some notable human rabies infections and their transmission modes to prevent occupational
accidents.
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1. Background

Rabies is an acute viral zoonotic disease that causes encephali-
tis in mammals.!-3 It is estimated that there are approximately
55000 victims per year of whom 30-50% are under 15 years of
age.3-5 Although rabies is usually fatal after the onset of neuro-
logical symptoms, prompt wound care, administration of rabies
immune globulin (RIG) and vaccine are nearly 100% effective in
preventing human rabies following exposure.3-6 The rabies virus
(genus Lyssavirus, family Rhabdoviridae) is present in the saliva of
infected mammals and most commonly is transmitted via a biting
incident.>6 However, contamination of mucous membranes with
other potentially infectious materials (such as brain tissues, tra-
cheal and nasal secretions, tears and CSF) through scratches or, in
very rare conditions, corneal transplantation or exposure of mem-
branes to aerosols have been documented as cases of non-bite
rabies transmission.>’-13.16 [nhalation of aerosolised rabies virus
resulted in the deaths of two laboratory technicians and two other
individuals in Frio Cave in Texas.”%13.1416 Documentation of these
cases is important to increase awareness among clinicians about
rabies risk and modes of transmission.>7-13.16

2. Objectives

In this study, we describe transmission of classical rabies in six
fatal cases without biting incidents in the disease history, which
occurred during the years 1990-2010 in Iran. Our goal is to raise
awareness among clinicians about rabies risk and modes of trans-
mission.

3. Study design

In Iran, rabies surveillance system including the Ministry of
Health and Medical Education, and as the only testing laboratory
in Iran, WHO Collaborating Center for Reference and Research on
Rabies, has been established to follow rabies cases. These patients
were hospitalised with growing symptoms of rabies, examined by
the physicians and their history was collected and transferred to
the Ministry of Health and Medical Education of Iran and to the
WHO Collaborating Center for Reference and Research on Rabies,
and therefore, they came to the attention of the surveillance system.

In 1990, an unvaccinated 39-year-old veterinary staff in
Aligoudarz (Lorestan province, western Iran) inserted his uncov-
ered abraded hand into the mouth of a rabid bovine. Despite his
knowledge about rabies transmission, he had not followed safety
rules. Unfortunately, his contact with the saliva of that rabid bovine
was not considered as an exposure by him, so he did not receive
post-exposure prophylaxis.

Forty days later, symptoms including itching, tinnitus and
buzzing, followed by others similar to those of influenza, caused
him to check into the emergency department. The physicians sus-
pected the flu and injected him with antibiotics. On the next day,
the symptoms developed into fever, delirium and hydrophobia.
Although he suspected rabies infection, his self-diagnosis was not
accepted by his physicians. He was hospitalised twice in the infec-
tious ward and twice in psychiatric clinics. The symptoms gradually
worsened and he died 16 days after the onset of rabies symptoms.

Brain tissue samples were collected from this deceased patient
by well-trained local staff. The specimens were kept in a mixture
of 50% glycerol in phosphate-buffered saline (PBS) and sent to the
WHO Collaborating Center for Reference and Research on Rabies,
Pasteur Institute of Iran for post-mortem diagnosis according to
the WHO-recommended laboratory techniques in rabies includ-
ing direct immunofluorescence (fluorescent-antibody technique
(FAT)) for direct rabies diagnosis. In this test, smears prepared by

the impression method from the samples of brain tissue were air
dried and fixed in high-grade cold acetone and then stained with
a drop of specific conjugate using anti-rabies nucleocapsid conju-
gate (Bio-Rad, France). We also performed a rabies tissue culture
infection test (RTCIT) using neuroblastoma cell lines (CCL-131). The
cells were grown in Dulbecco’s modified Eagle’s medium (DMEM)
with 5% foetal calf serum (FCS) and incubated at 36 °C with 5% CO,.
After incubation for up to 4 days, the presence of rabies virus in the
cells was assessed by the FAT. A mouse inoculation test (MIT)17-22
was also performed on the brain tissue specimen of this patient,
using 5-10 mice, each 3-4 weeks old (12-14 g), that were inocu-
lated intracerebrally. The inoculum was the clarified supernatant
of a 20% (w/v) homogenate of brain material in an isotonic buffered
solution containing antibiotics. To reduce animal pain, mice were
anaesthetised using ethoxyethane (diethyl ether) when inoculated.
The young adult mice were observed daily for 28 days, and every
dead mouse was examined for rabies using the FAT.18

In 1992, three human rabies cases were observed in Torbat-jam
(Khorasan province north-eastern Iran). The patients were shep-
herds (a father and his two sons: 8 and 12 years old) whose herd
had been attacked by a rabid wolf, which wounded many of the
sheep. They implemented the traditional method of applying burnt
wool to the wounds to bandage them. After 20 days, neurological
symptoms of rabies infection developed and they were diagnosed
by specialists in the hospital. The shepherd and his two sons subse-
quently died. Again, brain tissue samples were collected from them
and the process described above was performed on the specimens.
A copy of their hospital records was also received by the WHO Col-
laborating Center for Reference and Research on Rabies, Pasteur
Institute of Iran.

In 1994, two human-to-human rabies transmissions occurred
following corneal transplantation.

In March 1994, a 40-year-old man was hospitalised at Labbafine-
jad Medical Center for corneal transplantation due to the advanced
keratoconus. The donor was a 20-year-old man who was thought
to have died of food poisoning (the diagnosis is suspected to be
incorrect but it had been recorded as the cause of his death). Pene-
trating keratoplasty (PK) was performed on the 40-year-old patient
under general anaesthesia without any complications. The patient
was discharged 2 days after the surgery. During the following 20
days, he was examined a few times with no significant findings.
On the same day as his surgery, a 35-year-old man underwent
lamellar keratoplasty (LK) for his gelatinous droplet dystrophy (left
eye), which was performed by the same surgeon. The cornea was
from the same donor and 3 weeks after LK, the eye was unremark-
able. Twenty-six days after PK, the first patient was hospitalised
in another hospital with nausea and paraesthesia of his lips. He
developed hydrophobia and, on the next day, he died. Rabies was
suspected as the cause of his death by his physicians. Initially, it
was thought that he has been infected through his work as a vet-
erinarian. A post-mortem diagnosis was performed on brain tissue
sample sent in a mixture of 50% glycerol in PBS to the WHO Col-
laborating Center for Reference and Research on Rabies, Pasteur
Institute of Iran. FAT, RTCIT and MIT were performed according to
the WHO-recommended laboratory techniques.!8

Forty days later, the second patient was admitted to the hospital
because of vomiting and weakness. Taking into consideration the
death of the first patient and that the donor was the same for both
of these recipients, rabies was thought to be the cause. Saliva, blood
and CSF samples were collected immediately and sent to the WHO
Collaborating Center for Reference and Research on Rabies, Pas-
teur Institute of Iran. An ante-mortem diagnosis of rabies virus was
performed using the MIT as described previously, and the mouse
neutralisation test (MNT).!® To perform the MNT on serum sam-
ple and CSF, the challenge virus strain (CVS) used in this study
was titrated at 10~7, as described by Kaplan.'8 A constant dose of
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Table 1
Laboratory results of clinical specimens from six rabies human cases in Iran (1990-2010).
Number of patient 1 2 3 5 6
Type of specimen Brain Brain Brain Brain Brain Brain Saliva CSF Serum
Results of laboratory methods
FAT + + + + +
RTCIT + + + + + .
MIT + + + + +
MNT - +

Monoclonal antibody test

+(serotype 1)

FAT: fluorescence antibody test; RTCIT: rapid tissue culture infection test; MIT: mouse inoculation test; MNT: mouse neutralization test.

titrated virus was added to the sera, which were serially diluted
at 1/5. Areference serum of known titre was included in the assay.
The virus/serum mixtures at dilutions of 1/5, 1/25,1/125 and 1/625
were then injected intracerebrally into the groups of 10 young adult
mice. In total, 40 mice were inoculated with the virus/serum mix-
tures. The percentage of mortality was determined and the serum
dilution that protects 50% of the animals was calculated by the Reed
and Muench method.!8 This patient died and his brain tissue sam-
ple was tested by using the FAT, and the RTCIT.!® Due to the positive
results, 14 hospital personnel and 50 of the patient’s colleagues and
family members received post-exposure prophylaxis.

To identify the serotype of virus isolated from this patient, mon-
oclonal antibody testing was performed.17:18

4. Results

Rabies virus was detected in brain tissue sample from the first
patient using the FAT, the RTCIT and the MIT. So, earlier clinical
diagnosis of rabies was confirmed. Rabies infection was identi-
fied in brain tissue samples from the shepherd, his two sons and
the first corneal recipient using the FAT, RTCIT and MIT methods
according to the WHO laboratory techniques for rabies as described
previously.18

Ante-mortem diagnosis was performed in saliva, CSF and serum
specimens from the last patient. The results of RTCIT and MIT in
saliva were positive. The anti-rabies antibody was detected at titre
of 0.31Uml~! in the serum sample using the MNT test.!8 MNT test
on CSF and serum specimens was negative. The serotype of virus
isolated from this patient was identified using the monoclonal anti-
body testing,'”18 and it was revealed that the isolated virus was the
classic rabies virus (serotype 1), which is the most common rabies
virus serotype in Iran.

Positive results were obtained in post-mortem diagnosis on
brain tissue sample from this patient using the FAT and RTCIT. The
laboratory results are depicted in Table 1.

5. Discussion

Rabies is one of the most neglected diseases in developing
countries, especially in poor rural communities. Despite the avail-
ability of safe and effective human vaccines, human rabies victims
continue to increase in many countries.2151621.22 Rabies trans-
mission occurs mainly through the bite of a rabid animal, and
saliva is the major source of virus spread.*>79 Rabies surveil-
lance depends on reporting of the number of laboratory-confirmed
human rabies cases through the structures of the World Health
Organization.3->811 Human rabies is preventable by performing
pre-exposure prophylaxis (PrEP),which is highly recommended for
all rabies laboratory staff, veterinarians and veterinary technicians,
and by increased awareness among people, who may be exposed,
especially those in rural areas.>%10-12 Lack of adequate information
about the importance of following safety rules should be considered
as one of the main obstacles to reducing the incidence of human

rabies.816 The unvaccinated veterinary technician discussed above
exposed his uncovered abraded hand to the saliva of a rabid bovine
and he did not refer himself for post-exposure prophylaxis. The
shepherds with no definite history of animal bite were infected
due to a lack of awareness about the modes of rabies transmission
and PrEP. Although rabies post-exposure prophylaxis is available,
nationwide in Iran, these occurrences indicate that awareness of
rabies needs to be increased through the regular assessment of the
knowledge, attitudes and practices in the general population and
among clinicians. This information can be used to design appro-
priate rabies prophylaxis educational programmes according to
the guidelines provided by the World Health Organization and
the Advisory Committee on Immunization Practices for the treat-
ment of rabies caused by animal bites.1”-2122 This report provides
a better understanding of potential non-bite routes of transmis-
sion, and should encourage policy-makers to find ways to increase
the general knowledge about the widespread extent of the dis-
ease and the risk of transmission in the population and among
medical practitioners. One important mode of non-bite transmis-
sion is person-to-person via organ transplantation, in particular
corneal transplants.#6.7.9.1213.15 §ych transmission has occurred in
eight recipients in five countries: Thailand (two cases), India (two
cases), Iran (two cases), the United States (one case) and France
(one case).121517 Eye banks can play a major role in reducing the
possibility of rabies transmission through stringent guidelines for
the acceptance of cornea donors.!315:16.21 The two cases discussed
in this report occurred accidentally, and they led to the screening
of donor corneas for rabies using FAT in the WHO Collaborating
Center for Reference and Research on Rabies, Pasteur Institute of
Iran. In Iran, each suspected human rabies case must be labora-
tory confirmed in the WHO Collaborating Center for Reference and
Research on Rabies, Pasteur Institute of Iran. According to the con-
firmed human rabies cases, similar incidents have not occurred in
20 years in Iran, most likely because of an elevated awareness of
such risks.
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