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Summary Objective: After its first appearance in Alkhumra district of Jeddah in 1994e1995,
and then in Makkah in 2001e2003, the new hemorrhagic fever virus, known as Alkhumra (mis-
named as Alkhurma) virus (ALKV), has subsequently been reported from Najran, in the south
border of Saudi Arabia.
Methods: This is a descriptive cohort study summarizing the epidemiological, clinical, and lab-
oratory characteristics of ALKV infected patients diagnosed in Najran from 1 August 2003
through 31 December 2009.
Results: A total of 148 suspected cases were reported, of which 78 (52.7%) cases were labora-
tory confirmed; 2 cases in 2003, 1 case in 2004, 4 cases in 2005, 1 case in 2007, 12 cases in 2008,
and 58 cases in 2009. The cases were reported year round but 64.1% (50/78) of them occurred
in the summer time. Twenty-five (32.1%) cases occurred as clusters in 5 families. The virus
seemed to be transmitted from livestock animals to humans by direct contact with these an-
imals and likely by mosquito bites. Ticks did not seem to be involved in the transmission of in-
fection from animals to humans. Clinical and laboratory features included fever (100%),
headache (85.9%), malaise (85.9%), arthralgia (83.3%), anorexia (82.1%), myalgia (82.1%),
backache (71.8%), nausea and vomiting (71.8%), chills (60.3%), retro-orbital pain (55.1%), diar-
rhea (51.3%), abdominal pain (48.7%), hemorrhagic manifestations (25.6%), central nervous
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system manifestations (23.1%), leucopenia (87.7%), elevated liver enzymes (85.7%), prolonged
partial thromboplastin time (52.6%), thrombocytopenia (46.2%), elevated creatine kinase level
(45.7%), and elevated lactate dehydrogenase (25.0%).
Conclusion: ALKV infection has now been recognized outside its original boundaries in Saudi
Arabia which may herald its identification in other countries.
ª 2010 The British Infection Association. Published by Elsevier Ltd. All rights reserved.

Introduction

Alkhumra virus (ALKV) infection is a new viral hemorrhagic
fever (VHF) that has been identified only in Saudi Arabia. It
was first isolated in 1995 from 6 patients living in Alkhumra
district in Jeddah.1,2 In 2001e2003, Madani re-identified
the disease and described 20 confirmed cases in the holy
city of Makkah, 75 km far from Alkhumra, and proposed
the name “Alkhumra” be given to the virus after the geo-
graphic location from which it was originally isolated.3 Sub-
sequently, cases have been sporadically reported from
Najran, a region in the south of Saudi Arabia, since 2003.
Since 2008, there has been a sharp increase in the number
of reported cases from Najran region and the outbreak is
currently still active. This descriptive cohort study summa-
rizes the epidemiological, clinical, and laboratory charac-
teristics of ALKV infection diagnosed in Najran from
1 August 2003, when the first case of this infection was re-
ported, through 31 December 2009.

Patients and methods

Najran, the outbreak region

Najran is a province of Saudi Arabia, located in the south of
the country along the border with Yemen (Fig. 1). It is the
fourth largest province of the country’s 13 provinces with
an area of 360,000 km2. Its capital is Najran city. The region
is inhabited by approximately 620,000 people. The climate is
hot during the summermonthswith an averageof 32� C.Tem-
peratures inwinter drop to an averageof 6� C. It is rainy in the
mountainous areas. It is mainly an agricultural province with
most inhabitants working as farmers and herders of domestic
animals for a livelihood. Most of the houses of people living in
thevarious districts inNajran arewidely separated fromeach
otherwith distances in between ranging from50 to 500m. Ex-
tended families often live together in the same house. Ani-
mals are often kept in the back-yards of houses. Najran
province contains three geographical regions: first, the flat
region which lies in the middle of Najran, second, the north
westernmountainous region, and third, theeastern sandy re-
gion which is a part of the Empty Quarter (Rub Al-khali).
Health care facilities in Najran province include 8 hospitals
and 60 primary health care centers.

Case definition

After the identification of the first 4 cases of ALKV infection
in Makkah in 2001, a case definition was formulated for sur-
veillance of this disease in Saudi Arabia.3 ALKV infection
was suspected if a patient had an acute febrile illness of at
least 2 days duration and at least 2 of the following 4 clinical
or laboratory criteria: (1) at least 3-fold elevation of alanine

transferase (AlT), or aspartate transferase (AsT), or clinical
jaundice; (2) features of encephalitis such as confusion, dis-
orientation, drowsiness, coma, neck stiffness, hemiparesis,
paraparesis, or convulsions; (3) hemorrhagic manifestations
such as ecchymosis, purpura, petechiae, gastrointestinal
bleeding (hematemesis, melena, hematochesia), epistaxis,
bleeding from puncture sites, or menorrhagia; (4) platelet
count <100� 109/L, or lactate dehydrogenase (LDH) or cre-
atine phosphokinase (CK) enzyme >2 times upper normal
level (>500 and >400 U/L, respectively).

Data collection

Patients presenting or referred to Najran hospitals with
suspected ALKV infection were reviewed on admission, and
data recorded on a standard case report form. Information
collected included patient demographics, risk factors for
ALKV infection, clinical manifestations, laboratory results,
complications, and outcome. Additionally, the research
team visited the houses of patients to assess the environ-
mental factors that may contribute to transmission of infec-
tion such as livestock animals, mosquitoes, and ticks, and
to assess the health of livestock animals kept by patients.

Specimens obtained

Blood specimens were obtained from all patients hospital-
ized with suspected ALKV infection within 4 days of hospi-
talization. The specimens were transported in IATA
compliant containers on dry ice to the Ministry of Health
Central Laboratory in Riyadh, the capital of Saudi Arabia
and to the Special Infectious Agents Unit, a biosafety level
3 virology laboratory, at King Fahd Medical Research Cen-
tre, King Abdulaziz University, Jeddah, Saudi Arabia.

Laboratory confirmation

Blood specimens collected within 14 days of onset of illness
were tested for ALKV RNA using the one-step real-time RT-
PCR (Tib Molbiol, Berlin, Germany) designed and developed
based on ALKV sequence published by Charrel et al.4 The
real-time RT-PCR test was performed using the portable
Light Cycler 2.0 system (Roche Molecular, Mannheim, Ger-
many) and the AmpliTaq Gold Taq 21 polymerase (Applied
Biosystems, Foster City, California) in 50-nuclease assays.
When collected at least 7 and 14 days after onset of illness,
blood specimens were tested for anti-ALKV immunoglobulin
M (IgM), and immunoglobulin G (IgG), respectively.

Blood specimens were also tested for Rift Valley fever
(RVF ) and Dengue PCR (when collected within 14 days),
IgM (when collected at least 7 days after onset), and,
IgG (when collected at least 14 days after onset), using
previously described methods.5e11 The ELISA systems
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used to detect Dengue IgM and IgG antibodies were Den-
gue group-specific, employing a common antigen for Den-
gue virus serotypes 1, 2, 3, and 4 (PanBio Ply Ltd,
Australia). Anti-ALKV IgM antibody titers were determined
by IgM antibody-capture ELISA, with an inactivated ALKV
virus-infected cell slurry prepared using the same proce-
dures previously described.5,6 Anti-ALKV IgG antibody
titers were determined by using ALKV virus-infected cell
antigens in an ELISA format as described.5,6

Treatment

All patients received supportive care with intravenous fluids
and, when indicated, ionotropic support, transfusion of blood
and fresh frozen plasma, mechanical ventilation, and antimi-
crobial therapy for secondary bacterial or fungal infections.
No specific antiviral medication was used for therapy.

Veterinary assessment of livestock

Many people living in Najran kept sheep and goats and
sometimes camels in the back-yards of their houses. Addi-
tionally, there were 5 abattoirs and marketplaces in Najran
city. All animals kept in the back-yards of the houses of ALKV

infection-confirmed human cases as well as some randomly
selected animals in the 5 abattoirs and marketplaces were
clinically examined by one of the authors (E.M.E.A, a profes-
sor of veterinarymedicineandarbovirology) and the relevant
epidemiological data was collected from the owners.

Mosquito and tick survey

Mosquitoes and ticks were collected over a two-week period
from 10 to 24 March, 2009, to determine the prevalent
species. Mosquitoes were collected using Black Hole mos-
quito traps designed to attract mosquitoes by ultraviolet
light and generation of odor and carbon dioxide via a photo-
catalysis process with titanium oxide. The trap had a large
fan that sucked mosquitoes into a collection basket. The
traps were placed around randomly selected houses and
animal pens of patientswith confirmedALKV infection inNaj-
ran. Ticks were collected from premises of livestock animals
kept by patients with confirmed ALKV infection.

Data processing

The Statistical Package for Social Science (SPSS) program
(Release 15.0, 2006) was used for data entry and analysis.
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Figure 1 Map of Saudi Arabia showing the two provinces where Alkhumra virus infection is identified, Makkah province which
includes Jeddah city (where Alkhumra district is located) and the holy city of Makkah, and Najran city.
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Results

From 1 August 2003, to 31 December 2009, a total of 148
cases fulfilled the clinical case definition of ALKV infection,
of which 78 (52.7%) cases were laboratory confirmed;
2 cases in 2003, 1 case in 2004, 4 cases in 2005, 1 case in
2007, 12 cases in 2008, and 58 cases in 2009. All 148 cases
had negative tests for RVF and Dengue IgM, IgG and PCR.
The 78 ALKV-confirmed cases were identified from 23 dis-
tricts in Najran, namely, Almeshaalia (16 cases), Alghuwaila
(10 cases), Albalad (8 cases), Aljerba (7 cases), Dahdha
(5 cases), Rair (5 cases), Althayba (4 cases), Aldheyafa
(3 cases), Alhadan (3 cases), Alkhaledyah (2 cases), Aloraisa
(2 cases), Alshorfa (2 cases), and one case each from Abul-
saud, Aldhaiqa, Alfaisalyah, Almohammadyah, Almoonja,
Alqabel, Beer Askar, Hai Alfahd Aljanoobi, Thajar, Wadi
Reeman, and Yadama. Fig. 2 illustrates the epidemic curve
of ALKV-confirmed cases by monthly periods for 2008e2009
(70 cases). Cases were reported year round but 50 (64.1%)
cases occurred in the summer time from May to August.
Fig. 3 shows the cumulative number of confirmed cases of
ALKV infection diagnosed from 2003 to 2009 by month of
onset (total 78 cases).

Sixty-nine (88.5%) patients were diagnosed as in-patients
following hospitalization for acute febrile illness and 9
(11.5%) patients were identified by contact tracing. Of the
69 hospitalized patients, the duration of illness prior to
presentation to the hospital ranged from 1 to 10 days with
a mean of 4.9 (�2.1) days. The hospital stay ranged from 1
to 19 days with a mean of 6.2 (�3.3) days.

Table 1 summarizes the demographic characteristics and
possible risk factors for acquiring ALKV among the labora-
tory-confirmed cases. The 21.8% of patients who reported
no direct contact with livestock animals and who reported
mosquito bites as the only risk factor, had livestock animals
living in the vicinity to their homes. Twenty-five (32.1%)
cases occurred as clusters of infections in the same house-
hold in 5 families: family A, 4 patients with date of onset of
their illness occurring in the period of 11e29 December,
2005; family B, 5 patients in the period of 18e31 May,
2008; family C, 5 patients in the period of 27 Maye24 June,
2008; family D, 4 patients in the period of 28 Februarye20
April, 2009; family E, 7 patients in the period of 1e20 May,

2009. None of the patients had signs of tick bites. Of the
three patients who recalled tick bites, two patients were
also exposed to animals and the third one was also exposed
to mosquitoes. None of the patients who had contact with
animals reported animal abortion, disease, or death.

Table 2 shows the clinical features and complications of
the 78 patients with laboratory-confirmed ALKV infection.
The temperature on admission ranged from 37.1 to 40.6� C
with a mean of 38.8 (�0.8)�C. Two of the 78 (2.6%) patients
had a biphasic illness with an initial febrile period of 9 and
10 days, respectively, followed by an afebrile period of
2 and 3 days, followed by a second short febrile period of
2 days. Table 3 shows the laboratory characteristics on
admission, and Table 4, themean values and range of labora-
tory results on admission, of the 78 patients with laboratory-
confirmed ALKV infection. Serum creatinine was available
for 5 patients only; three of them had a normal level, one
had slightly elevated serum creatinine (152 mmol/L), and
the 5th patient had acute renal failure with a serum creati-
nine of 692 mmol/L. The remaining 73 patients, who did not
have serum creatinine measured, likely had a normal creat-
inine level as there was no clinical or biochemical indication
to justify serum creatinine testing by their attending
physicians.

Of the 78 patients with laboratory-confirmed ALKV in-
fection, 70 (89.7%) patients had positive ALKV PCR tests,
3e13 days after onset of illness with a mean of 6.4 (�2.0)
days (Table 5). Of 38 (48.7%) patients who had IgM tests,
10 (26.3%) patients were positive for IgM, 5e39 days after
onset of illness with a mean of 14.7 (�10.3) days. Two of
the 10 patients with positive IgM were also PCR-positive
at 5 and 8 days of illness. Of 148 patients with suspected
ALKV infection, 5 patients had IgG tests as their blood sam-
ples were obtained only 14 or more days after onset of their
illness (Table 5). Only one of these 5 patients was positive
for IgG 19 days after the onset of his illness. Convalescent
serum to test for a rising IgG titer was not obtained because
the patient was not available for testing after discharge
from the hospital. The patient’s positive IgG result was con-
sidered to be due to a past infection with the virus.

The vast majority (81.7%) of patients with confirmed
ALKV infection kept livestock, mainly sheep and goats, in
the back-yards of their houses. Some of these animals
were kept in these premises for more than five years to
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Figure 2 Confirmed cases of Alkhumra virus infection diag-
nosed in 2008e2009 by month of onset (total, 70 cases).
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Table 1 Demographic characteristics and risk factors for 78 patients with laboratory-confirmed Alkhumra virus infection in
Najran, Saudi Arabia from 2003 to 2009.

Characteristic Value

Age, Mean � SD, range (year) 30.1 (�16.5),4e85
Age groups (year)

<10 5 (6.4)
10 to <20 17 (21.8)
20 to <30 26 (33.3)
30 to <40 11 (14.1)
40 to < 50 8 (10.3)
50 to <60 6 (7.7)
�60 5 (6.4)

Gender
Male 49 (62.8)
Female 29 (37.2)

Nationality
Saudi Arabia 46 (59.0)
Yemen 24 (30.8)
Bangladesh 3 (3.8)
Egypt 2 (2.6)
India 2 (2.6)
Syria 1 (1.3)

Occupation
Students 22 (28.2)
Housewife 19 (24.4)
Self-employed 8 (10.3)
Othera 28 (37.3)

Cases occurring as clusters in familiesb 25 (32.1)
Risk Factors

Direct contact with animals and mosquito bites 46 (58.9)
Mosquito bites as the only possible risk factor 17 (21.8)
Animal contact as the only possible risk factor 14 (17.9)
History of tick bitesc 3 (3.8)
Drinking raw milk 37 (47.4)
Living or working in close proximity to livestock animals (sheep, goat & camels) in Najran 60 (76.9)
Home animals 49/60 (81.7)
Livestock marketplace 5/60 (8.3)
Restaurant kitchens where animals are slaughtered 3/60 (5.0)
Abattoir 2/60 (3.3)
Farm 1/60 (1.7)

Species of animals contacted
Sheep and goat 33/60 (55.0)
Sheep, goat and camel 27/60 (45.0)

Types of contact with livestock animals
Milking and feeding the animals 35/60 (58.3)
Slaughtering and butchering 20/60 (33.3)
Touching live animals 4/60 (6.7)
Handling raw meet 1 (1.7)
Number of patients reporting abortion storms, disease, or extraordinary deaths among animals 0
Number of patients reporting rat infestation of the house or the immediate surroundings 1 (1.3)

Data are no. (%) of patients, unless otherwise indicated.
a Includes laborer in restaurant kitchen (3 patients), office employee (3 patients), retired employee (3 patients), unemployed (3 pa-

tients), butcher (2 patients), livestock trader (2 patients), preschool children (2 patients), soldier (2 patients), teacher (2 patients), and
one each of car trader, carpenter, driver, farmer, shepherd, tailor, and welder.
b See text under “Results” section for details.
c Two of these three patients with history of tick bites were also exposed to animals and the third one was exposed to mosquitoes.
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supply their owners with milk and meat. These small flocks
consisted of adults and young lambs and kids. Most of the
flocks consisted of females with a few males for breeding.
The back-yards, in which these animals were kept, were
pens open to the atmosphere, a situation that enabled fly-
ing biting arthropods to feed freely on these animals. No in-
sect repellents were applied on these animals to prevent
arthropod biting.

Livestock at Najran abattoirs and animal marketplaces
were clinically examined and the relevant epidemiological
data was collected from the owners. The animals consisted
of adult camels, sheep, and goats, of various breeds. The
goats were of the local southern breed. The sheep were of
the local Herfy and Niaami breeds as well as foreign breeds,
namely Sawakni (from Sudan) and Barbari (from Somalia).
The camels were of the local breeds with some imported
Somalian and Sudanese breeds. All livestock animal species
examined were healthy and showed no signs suggestive of
arboviral infections such as abortions, stillbirths, terato-
genesis of the neonates, icterus, or nasal discharge.

A total of 946 mosquitoes were collected, of which 936
(98.9%) mosquitoes were Culex species, 8 (0.8%) mosqui-
toes were Anopheles species, and 2 (0.2%) mosquitoes
were Culiseta species. A total of 208 ticks were collected,
of which 205 (98.6%) ticks were Hyalomma species, and 3
(1.4%) ticks were Ornithodoros savignyi.

Discussion

Viruses that cause hemorrhagic fever belong to four
viral families: Arenaviridae, which include Lassa, Junin,
Machupo,Guanarito, and Sabia viruses; Bunyaviridae, which
include RVF, Crimean Congo hemorrhagic fever (CCHF), and
the Hantavirus; Filoviridae, which include Marburg and the
Ebola viruses; and Flaviviridae, which include Yellow fever,
Dengue, Omsk hemorrhagic fever (OHF), Kyasanur Forest

Table 2 Clinical features and complications in 78 patients
with laboratory-confirmed Alkhumra virus infection in Naj-
ran, Saudi Arabia from 2003 to 2009.

Variable Number of
patients (%)

Clinical features
Fever 78 (100)
Headache 67 (85.9)
Malaise 67 (85.9)
Arthralgia 65 (83.3)
Anorexia 64 (82.1)
Myalgia 64 (82.1)
Backache 56 (71.8)
Nausea and vomiting 56 (71.8)
Chills 47 (60.3)
Retro-orbital pain 43 (55.1)
Diarrhea 40 (51.3)
Abdominal pain 38 (48.7)

Hemorrhagic manifestations 20 (25.6)
Epistaxis 9 (11.5)
Bleeding from the gum 8 (10.3)
Haematemesis 5 (6.4)
Melena 2 (2.6)
Fresh bleeding per rectum 1 (1.3)
Purpura 1 (1.3)
Vaginal bleeding 1 (1.3)

Central nervous system manifestations 18 (23.1)
Altered sensorium 17 (21.8)
Confusion 8 (10.7)
Disorientation 7 (9.3)
Neck stiffness 7 (9.3)
Coma 4 (5.1)
Convulsions 4 (5.1)
Hallucination 3 (3.8)
Photophobia 1 (1.3)
Tremor 1 (1.3)
Cough 7 (9.0)
Sore throat 5 (6.4)
Cervical lymphadenopathy 1 (1.3)
Jaundice 1 (1.3)
Conjunctival injection 0
Dizziness 0
Rash 0
Visual loss or scotomas 0

Complicationsa 11 (14.1)
Encephalitis 10 (12.8)
Admission to intensive care unit 6 (7.7)
Gastrointestinal bleeding 6 (7.7)
Fulminant hepatitis 4 (5.1)
Disseminated intravascular coagulation 3 (3.8)
Mechanical ventilation 2 (2.6)
Acute renal failure 1 (1.3)
Respiratory failure 1 (1.3)
Vegetative state post encephalitis 1 (1.3)

Mortality 1 (1.3)
a Some patients had more than one complication, hence total

number adds up to >11 patients.

Table 3 Laboratory characteristics on admission of 78
patients hospitalized with laboratory-confirmed Alkhumra
virus infection in Najran, Saudi Arabia from 2003 to 2009.

Variable n/N (%)a

AsT > 40 U/L 54/63 (85.7)
AlT > 40 U/L 43/64 (67.2)
AsT > 200 U/L 20/63 (31.7)
AlT > 200 U/L 12/64 (18.8)
Bilirubin >17 mmol/L 5/39 (12.8)
Hemoglobin <110 g/L 5/62 (8.1)
Platelets < 100 � 109/L 30/65 (46.2)
INR > 1.2 5/21 (23.8)
PTT > 45 s 10/19 (52.6)
Leukopenia <3.0 � 109/L 57/65 (87.7)
High CK > 400 U/L 21/46 (45.7)
High LDH > 500 U/L 9/36 (25.0)

AlT, alanine transferase; AsT, aspartate transferase; CK, crea-
tine phosphokinase; INR, international normalized ratio; LDH,
lactate dehydrogenase; PTT, partial thromboplastin time; SD,
standard deviation.
a No. of patients with characteristic/no. of patients for whom

information was available (%).
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disease (KFD), andAlkhumra viruses.Most hemorrhagic fever
viruses are zoonotic, with the possible exception of the four
Dengue viruses, which continually circulate among hu-
mans.12 Many VHF viruses are vector-borne (RVF, CCHF, Yel-
low fever,Dengue,OHF,KFD, andALKV),while others are not
(Lassa, Junin, Machupo, Guanarito, Sabia, Hantavirus, Mar-
burg, and Ebola viruses).

ALKV is the fourth VHF identified in Saudi Arabia; the
other three are CCHF, Dengue fever, and RVF. Three of
the four VHF diseases identified in Saudi Arabia, namely
ALKV, CCHF, and Dengue, were confined to Makkah and Jed-
dah which are 80 km apart in the Western Province. Occur-
rence of ALKV and CCHF in these two cities is most likely
related to the importation of large numbers of livestock
into Makkah city through the seaport, Jeddah, for the
Hajj seasons. Alkhumra district, located in the southern
part of the seaport Jeddah, has long been the holding site
for the imported livestock animals before their dispatch
to Jeddah, Makkah, and other regions in the southwestern
provinces. Most of these animals are imported from African
countries and Australia.

Unfortunately, Alkhumra virus was misnamed as “Al-
khurma” virus in many scientific publications due to a typo-
graphical error where the “m” and “r” were
transpositioned.4,13e17 The new word “Alkhurma” is the
name of a small Saudi city that is 280 km far from
“Alkhumra” district located in the south of the see-port

Jeddah where the original cases were identified.3 The first
publication that committed this typographical error clearly
stated, however, that the virus was first isolated from Jeddah
(where Alkhumra and not Alkhurma is).4 Livestock market-
places and slaughter houses, the characteristic environmen-
tal risk factors for acquiring ALKV infection, have long been
located in Alkhumra district in Jeddah. All cases of this virus
identified so far have been from Alkhumra/Jeddah, Makkah
and lately fromNajran. None ofALKV cases, including the first
case identified in 1994, was reported from Alkhurma city as
confirmed by the Ministry of Health.3

The identification of ALKV in Najran is the first reported
occurrence of this disease outside Jeddah and Makkah.
There are several possibilities to explain this outbreak in
Najran. Firstly, the virus could have been introduced to
Makkah and Jeddah (pilgrimage areas), Najran (agricultural
area), and perhaps other, as yet unidentified, places in
Saudi Arabia, via livestock animals from neighbouring Afri-
can countries or Yemen where the virus may not have yet
been identified. RVF is, likewise, believed to have been in-
troduced to Saudi Arabia from east Africa in 1997e1998
leading eventually to the RVF epidemic in the southwestern
regions of Saudi Arabia in 2000e2001.18 The second possi-
bility is that the virus could have been introduced to Najran
via livestock animals brought from Makkah and Jeddah. The
third possibility is that the virus is endemic in many areas of
the country, three of which (Jeddah, Makkah, and Najran)

Table 4 Mean values and range of laboratory results on admission for 78 patients hospitalized with laboratory-confirmed Al-
khumra virus infection in Najran, Saudi Arabia from 2003 to 2009.

Laboratory test na Mean � SD Range Normal

AsT (U/L) 63 375 � 661 17e2900 0e35
AlT (U/L) 64 165 � 217 11e917 0e35
AlP (U/L) 53 113 � 115 25e590 40e120
Bilirubin (mmol/L) 28 47 � 153 2.0e763.0 5.1e17
Hemoglobin (g/L) 62 132 � 18 93e178 120e180
Leukocytes � 109/L 66 2.1 � 0.8 0.8e4.7 3.8e10.8
Platelets � 109/L 66 103 � 48 11e262 130e400
LDH (U/L) 36 706 � 1115 74e4844 100e250
CK (U/L) 47 1448 � 2589 30e12945 10e200
INR 20 1.2 � 0.4 1.0e2.7 0.9e1.2
PTT (s) 19 47 � 8 35e66.2 25e35

AlT, alanine transferase; AsT, aspartate transferase; AlP, alkaline phosphatase; CK, creatine phosphokinase; INR, international normal-
ized ratio; LDH, lactate dehydrogenase; PTT, partial thromboplastin time; SD, standard deviation.
a n, Number of patients for whom results were available.

Table 5 Confirmatory laboratory results for 148 patients hospitalized with suspected Alkhumra virus infection in Najran, Saudi
Arabia from 2003 to 2009.

Test Number of
patients tested

Number of patients who
were positive for the test (%)

Days between onset of illness and collection of
blood sample for the test (range,
mean � standard deviation)

PCR 148 (100) 70 (47.3) 3e13, 6.4 � 2.0
IgM 38 (25.7) 10 (26.3)a 5e39, 14.7 � 10.3
IgG 5 (3.4%) 1 (20)b 19
a Two of the 10 patients with positive IgM were also PCR-positive at 5 and 8 days of illness.
b This IgG-positive patient was negative for PCR and IgM.
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have thus far been identified and the remaining areas are
yet to be identified.

As illustrated in Fig. 2,most ofALKV infections occurred in
the summer months (May to August). Similarly, most cases of
the non-zoonotic mosquito-borne Dengue arbovirus that has
caused an outbreak in Jeddah since 2004, have occurred in
the summer months between May and August (2010, unpub-
lished data from the Ministry of Health). Interestingly, all Cu-
licoides-transmitted aroboviral diseases reported in animals
in Saudi Arabia such as Bluetongue, Akabane, Bovine Ephem-
eral Fever, African Horse Sickness, and Epizootic Hemor-
rhagic Disease of Deer, have occurred during the summer
months aswell.19e24 Studies in Saudi Arabia assessing the sea-
sonality and abundance of Culicoides also showed that the
summer time between May and September constituted the
peak abundance and activity of these arthropods.25 Whether
Culicoides play any role in the transmission cycle of ALKV in
animals remains unknown, however. In light of this, it seems
that there is a strong link between the breeding season of the
flying arthropods (summermonths) andALKV cases in Najran.
It is known that someof theflying arthropods are on-the-wing
year round, which could explain the occurrence of the dis-
ease at a low level of frequency out side the summermonths.

The epidemiological, clinical, and laboratory character-
istics of Najran outbreak of ALKV infection described herein
are similar to those of the outbreak that occurred in Makkah
in 2001e2003.3 Few noteworthy differences between Najran
andMakkah outbreaks include the fact that the proportion of
females reported in Najran outbreak was higher than that in
Makkah (38% versus 10%), 5 children <10 years of age were
reported in Najran outbreak whereas none were reported
in Makkah, more patients in Najran reported similar illness
in the family compared to patients in Makkah outbreak
(25% versus 5%), and the mortality in Najran was notably
lower than that in Makkah outbreak (1.3% versus 25%). The
first three salient differences are most likely due to the dif-
ference in the style of living between the two localities. Naj-
ran is a rural area where closely related families and their
extended members usually live together in big houses with
back-yards to keep sheep and goats. All family members in-
cluding women and older children usually share the respon-
sibility of feeding and milking the animals and cleaning
their premises. The notably lowmortality observed in Najran
outbreak may be secondary to an established endemicity of
ALKV in this regionwith someprotective immunity among hu-
mans developing as a result of frequent exposure to the vi-
rus. This is supported by the limited annual incidence of
ALKV in Najran between 2003 and 2007 prior to the outbreak
in 2008e2009.

The epidemiological data of our study suggested that
direct contact with livestock animals and/or mosquito bites
were likely the primary risk factors for acquiring ALKV in-
fection. Fifty-nine percent of the patients had both animal
contact and mosquito bites as possible risk factors, 21.8%
of the patients had mosquito bites as the only possible
risk factor, and 17.9% of the patients had contact with an-
imals as the only possible risk factor for acquiring ALKV in-
fection. The one-fifth of patients who reported no direct
contact with livestock animals and who reported mosquito
bites as the only risk factor, had livestock animals living in
the vicinity to their homes. Therefore, we speculate that
the virus was likely transmitted from these apparently

asymptomatically-infected livestock animals to the human
beings living in the same vicinity by mosquitoes. The specu-
lated possibility of mosquito-borne transmission of ALKV is
further supported epidemiologically by the finding that
one-third (32.1%) of patients lived in the same household.
This clustering of cases among one-third of patients may
also raise the possibility of human to human transmission. Al-
most half of the patients had history of drinking rawmilk, but
all of themwerealsoexposeddirectly to animals and/ormos-
quito bites. A case control study would normally be an ideal
design to determine the actual risk factors for acquiring in-
fections. However, for this particular ALKV outbreak,
a case control study would perhaps be of limited value be-
cause of the fact that almost all the population in Najran
live in the same social and environmental conditions includ-
ing proximity to animals and exposure tomosquitoes. Biolog-
ical studies to confirm the vector-ability of mosquitoes or
ticks and the susceptibility of livestock and other animals
to ALKV infection are more appropriate to define the true
risk factors and mode of transmission of ALKV.

Due to the close phylogenetic similarity between ALKV
and KFD virus, it could be argued that ticks may play an im-
portant role in the transmission cycle of ALKV.13 This argu-
ment is further supported by a PCR-based detection of
a virus closely related to ALKV from one Ornithodoros sa-
vignyi (sand tampan) tick out of 124 ticks collected from
camels and camel resting places in Jeddah, Saudi Arabia.14

Additionally, this species of ticks was identified in Najran
accounting for 1.4% of all ticks collected. However, as pre-
viously suggested by Madani, our study reaffirms that ticks
do not seem to play an important role in the transmission
of ALKV from animals to humans, although, their role as
a reservoir of the virus in its ecologic niche is conceivably
possible.3 In this study, only 3 patients reported tick bites,
two of them were also exposed to animals and the third one
was also exposed to mosquito bites. Of note is that the bite
of the O. savignyi tick is so painful and ferocious to be for-
gotten as described by Mans and Neitz.29 None of the pa-
tients confirmed to have ALKV infection in this study or
the previous ones including the three patients who reported
tick bites in this study recalled such a painful and memora-
ble encounter with ticks. The speculated mosquito-borne
nature of ALKV, as indicated epidemiologically, is sup-
ported by the fact that several mosquito-borne flaviviruses
have been isolated from ticks, e.g., Saint Louis encephalitis
virus and West Nile virus; yet, ticks were not confirmed to
be biological vectors of such infections.14,26,27 Additionally,
even though most ALKV-closely related viruses are known to
be associated with ticks, in at least one instance, the Po-
wassan virus, there is some evidence that the virus is also
found in different species of mosquitoes including Cu-
lex.14,28 Culex species, the predominant mosquito species
in Najran, has been confirmed to be a competent vector
of many viruses in the three distinct families of mosquito-
borne arboviruses, namely Bunyaviridae, such as RVF virus,
Togaviridae, such as Western Equine Encephalomyelitis, as
well as Flaviviridae, such as Japanese Encephalitis Virus,
Murray Valley Encephalitis Virus, Kunjin Virus, Saint Louis
Encephalitis Virus, and West Nile Virus.30e34 However, the
importance of isolating Powassan virus from mosquitoes re-
mains to be elucidated as it could have been due to intake
of viremic blood from an animal or human source.
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In summary, ALKV is a novel hemorrhagic fever flavivirus
that is reported only from Saudi Arabia. It was originally re-
ported from Jeddah in 1994, and then from Makkah in
2001e2003, and most recently from Najran from 2003 to
date. Acute febrile flu-like illness, hepatitis, hemorrhagic
manifestations, and, less commonly, encephalitis are the
main clinical features. The virus seemed to be transmitted
from livestock animals (sheep, goats, or camels) to humans
by direct contact with these animals or the mosquito bites.
However,ALKV vector-ability ofmosquitoes needs to be con-
firmed with biological studies. Tick bites did not seem to be
associatedwith transmission of infection from animals to hu-
mans. However, the exact role of arthropods such as ticks,
mosquitoes, and Culicoides, and animals such as sheep,
goats, camels, and other mammals in the transmission and
maintenance of the virus remains to be elucidated.

Conflict of interest

The authors declare that they have no conflicts of interest.

Financial support

This study is one of the research products of the Scientific
Chair of Mohammad Hussein Alamoudi for Viral Hemor-
rhagic Fevers, King Abdulaziz University, Jeddah, Saudi
Arabia. The sponsor, Sheikh Mohammad Hussein Alamoudi,
had no involvement in the study design, in the collection,
analysis and interpretation of data, in the writing of the
manuscript, nor in the decision to submit the manuscript
for publication.

Acknowledgments

The authors thank Sheikh Mohammad Hussein Alamoudi for
sponsoring the Scientific Chair for Alkhumra Virus Research at
KingAbdulazizUniversity, Jeddah,SaudiArabia.Wealso thank
his Excellency the Minster of Health, Dr Abdullah Alrabea, the
DeputyMinister of Health for Executive Affairs, Dr Mansoor Al-
hawwasi, the former Assistant Deputy Minister of Health for
Preventive Medicine, Dr Khalid Alzahrani, the Director Gen-
eral of the General Directorate of Health in Najran, Dr Yahya
Al-Shuwail, the Director of Preventive Medicine Department
in the General Directorate of Health in Najran, Mr. Abdullah
Al-Mehthel, Dr Mohammad Basher and Mr. Hussain Al-Soqoor
from the Preventive Medicine Department in the General Di-
rectorateofHealth inNajran,andMr.NasherAl-Sadran,Direc-
tor of the Laboratory at King Khalid General Hospital in Najran
for their logistical assistance. We also thank Professor Khaled
Alghamdi, professor of entomology at King Abdulaziz Univer-
sity, Jeddah, and his student Dr Hamed Alqahtani for their as-
sistance in collection and speciation of mosquitoes, and Dr
Mohammad Saleem, for his assistance in collection and speci-
ation of ticks.

Appendix. Supplementary material

Supplementary data related to this article can be found
online at doi:10.1016/j.jinf.2010.09.032.

References

1. Qattan I, Akbar N, Afif H, Abu Azmah S, Al-Khateeb T, Zaki A,
et al. A novel flavivirus: Makkah region 1994e1996. Saudi Epi
Bulletin 1996;3(1):1e3. ISSN 1319-3965.

2. Zaki AM. Isolation of a flavivirus related to the tick-borne en-
cephalitis complex from human cases in Saudi Arabia. Trans
R Soc Trop Med Hyg 1997;91:179e81.

3. Madani TA. Alkhumra virus infection, a new viral hemorrhagic
fever in Saudi Arabia. J Infect 2005;51(2):91e7.

4. Charrel RN, Zaki AM, Fakeeh M, Yousef AI, de Chesse R,
Attoui H, et al. Low diversity of Alkhurma hemorrhagic fever
virus, Saudi Arabia, 1994e1999. Emerg Infect Dis 2005;11:
683e8.

5. Ksiazek TG, Rollin PE, Williams AJ, Bressler DS, Martin ML,
Swanepoel R, et al. Clinical virology of Ebola hemorrhagic fe-
ver (EHF): virus, virus antigen, and IgG and IgM antibody find-
ings among EHF patients in Kikwit, Democratic Republic of
the Congo, 1995. J Infect Dis 1999;179:S177e87.

6. Ksiazek TG, West CP, Rollin PE, Jahrling PB, Peters CJ. ELISA
for the detection of antibodies to Ebola viruses. J Infect Dis
1999;179(Suppl. 1):S191e8.

7. Logan TM, Linthicum KJ, Moulton JR, Ksiazek TG. Antigen-
capture enzyme-linked immunosorbent assay for detection
and quantification of Crimean-Congo hemorrhagic fever virus
in the tick, Hyalomma truncatum. J Virol Methods 1993;42:
33e44.

8. Shoemaker T, Boulianne C, Vincent MJ, Pezzanite L, Al-
Qahtani MM, Al-Mazrou Y, et al. Genetic analysis of viruses as-
sociated with emergence of Rift Valley fever in Saudi Arabia
and Yemen, 2000e01. Emerg Infect Dis 2002;8(12):1415e20.

9. Paweska JT, Burt FJ, Swanepoel R. Validation of IgG-sandwich
and IgMcapture ELISA for the detection of antibody to Rift Val-
ley fever virus in humans. J Virol Methods 2005;124:173e81.

10. Drosten C, Gottig S, Schiling S, Jasper M, Panning M, Schmitz H,
et al. Rapid detection and quantification of RNA of Ebola and
Marburg viruses, Lassa virus, Crimean-Congo hemorrhagic fever
virus, Rift Valley fever virus,Denguevirus, andYellowfever virus
by real-time reverse transcriptase-PCR. J Clin Microbiol 2002;
40:2323e30.

11. Groen J, Koraka P, Velzing J, Copra C, Osterhaus AD. Evalua-
tion of six immunoassays for detection of Dengue virus-specific
immunoglobulin M and G antibodies. Clin Diagn Lab Immunol
2000;7:867e71.

12. LeDuc JW. Epidemiology of hemorrhagic fever viruses. Rev In-
fect Dis 1989;11(Suppl. 4):S730e5.

13. Charrel RN, Zaki AM, Attoui H, Fakeeh M, Billoir F, Yousef AI,
et al. Complete coding sequence of the Alkhurma virus,
a tick-borne flavivirus causing severe hemorrhagic fever in hu-
mans in Saudi Arabia. Biochem Biophys Res Commun 2001;287:
455e61.

14. Charrel RN, Fagbo S, Moureau G, Alqahtani MH, Temmam S, de
Lamballerie X. Alkhurma hemorrhagic fever virus in Ornitho-
doros savignyi ticks. Emerg Infect Dis 2007;13(1):153e5.

15. Charrel RN, de Lamballerie X. The Alkhurma virus (family Fla-
viviridae, genus Flavivirus): an emerging pathogen responsible
for hemorrhage fever in the Middle East. Med Trop (Mars) 2003;
63(3):296e9.

16. Charrel RN, Zaki AM, Fagbo S, de Lamballerie X. Alkhurma
hemorrhagic fever virus is an emerging tick-borne flavivirus.
J Infect 2006;52(6):463e4.

17. Pastorino BA, Peyrefitte CN, Grandadam M, Thill MC, Tolou HJ,
Bessaud M. Mutagenesis analysis of the NS2B determinants of
the Alkhurma virus NS2B-NS3 protease activation. J Gen Virol
2006;87(Pt 11):3279e83.

18. Madani TA, Al-Mazrou YY, Al-Jeffri MH, Mishkhas AA, Al-
Rabeah AM, Turkistani AM, et al. Rift Valley fever epidemic

Alkhumra virus outbreak in Najran 75



Author's personal copy

in Saudi Arabia; epidemiological, clinical, and laboratory char-
acteristics. Clin Infect Dis 2003;37:1084e92.

19. Abuelzein EME, Gameel AA, Al-Afaleq AI. Isolation of a virus se-
rologically related to the bluetongue group from an outbreak
of haemorrhagic disease among exotic deer in Saudi Arabia.
Vet Rec 1992;131:439e41.

20. Abuelzein EME, Gameel AA, Al-Afaleq AI, Gundi O, Bukhari A.
Bovine ephemeral fever in Saudi Arabia. Vet Rec 1997;140:
630e1.

21. Abuelzein EME, Sandoka MA, Al-Afaleq AI, Mohamed OB,
Flamand JRB. Arbovirus infections of ruminants in Al-Rob Al-
Khali desert. Vet Rec 1998;142:196e7.

22. Abuelzein EME, Aitchison H, Al-Afaleq AI, Al-Bashir AA,
Ibrahim AO, Housawi FMT. A study on bluetongue virus infec-
tion in Saudi Arabia using sentinel ruminants. Onderst J Vet
Res 1998;65:243e51.

23. Abuelzein EME, Gameel AA, Al-Afaleq AI, Gundi O, Al-
Bashir AA. Observations on the recent epizootic of Bovine
Ephemeral fever in Saudi Arabia. Rev Sci Off Int Epiz 1999;
18:672e80.

24. Housawi FMT, Abuelzein EME, Ramadan RO, Gameel AA, Al-
Afaleq AI. Abortions, stillbirths and deformities in sheep at
Al-Ahsa oasis in eastern Saudi Arabia: isolation of a bluetongue
serogroup virus from the affected lambs. Rev Sci Off Int Epiz
2004;23:913e20.

25. Abuelzein EME, Hilali MA, Al-Afaleq AI, Mellor PS, Boorman J.
Seasonal abundance of four Culicoides Spp. (Diptera: Cerato-
pogonidae) at Al-Ahsa oasis, eastern province, Saudi Arabia.
Onderst J Vet Res 2002;69:115e22.

26. McLean RG, Francy DB, Monath TP, Calisher CH, Trent DW. Iso-
lation of St. Louis encephalitis virus from adult Dermacentor
variabilis (Acari: Ixodidae). J Med Entomol 1985;22:232e3.

27. Lawrie CH, Uzcategui NY, Gould EA, Nuttall PA. Ixodid and ar-
gasid tick species and West Nile Virus. Emerg Infect Dis 2004;
10:653e7.

28. Gould EA, Moss SR, Turner SL. Evolution and dispersal of en-
cephalitic flaviviruses. Arch Virol Suppl 2004;18:65e84.

29. Mans BJ, Neitz AWH. The sand tampan, Ornithodoros savignyi,
as a model for tick-host interactions. S Afr J Sci 2004b;100:
283e8.

30. Turell M, Gargan T, Bailey C. Replication and dissemination of
Rift Valley fever virus in Culex Pipiens. Am J Trop Med Hyg
1984;33:176e81.

31. Reisen WK, Meyer RP, Presser SB. Effect of temperature on the
transmission of western equine encephalomyelitis and St. Louis
encephalitis viruses by Culex tarsalis (Diptera: Culicidae). J Med
Entomol 1993;30(1):151e60.

32. Weaver SC, Reisen WK. Present and future arboviral threats.
Antiviral Res 2010;85:328e45.

33. Broom AK, Lindsay MD, Wright AE, Smith DW, Mackenzie JS.
Epizootic activity of Murray valley encephalitis and Kunjin vi-
ruses in an aboriginal community in the southeast Kimberley
region of Western Australia: results of mosquito fauna and virus
isolation studies. Am J Trop Med Hyg 2003;69(3):277e83.

34. Hayes EB, Komar N, Nasci RS, Montgomery SP, O’Leary DR,
Campbell GL. Epidemiology and transmission dynamics of
West Nile virus disease. Emerg Infect Dis 2005;11(8):
1167e73.

76 T.A. Madani et al.


