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In 2013 in Tunisia, 3 persons in 1 family were infected
with Middle East respiratory syndrome coronavirus (MERS-
CoV). The index case-patient’s respiratory tract samples
were negative for MERS-CoV by reverse transcription PCR,
but diagnosis was retrospectively confirmed by PCR of se-
rum. Sequences clustered with those from Saudi Arabia
and United Arab Emirates.

s of May 23, 2014, a total of 635 laboratory-con-

firmed human cases of Middle East respiratory syn-
drome coronavirus (MERS-CoV) infections had been
reported to the World Health Organization; the epidemic
has subsequently accelerated (/). Of these patients, 193
(30%) died. This new virus causes disease similar to that
caused by severe acute respiratory syndrome coronavirus,
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but MERS-CoV is genetically distinct (2). We investigat-
ed a cluster of 3 MERS-CoV cases in 1 family in Tunisia.

The Cases

Patient 1, the index case-patient, was a 66-year-old
Tunisian man with a 4-year history of untreated diabe-
tes mellitus. During March 20—April 27, 2013, he visited
his daughter (patient 2) in Qatar for 5 weeks (Figure 1),
1 week of which they spent on a Muslim pilgrimage to
Mecca, Kingdom of Saudi Arabia. On April 18, results of
a physical examination (including chest radiograph) for a
visa extension in Qatar were unremarkable. On the day of
arrival back in Tunisia (April 28), the patient experienced
chills, followed by arthralgia, dry cough, and fever. The
daughter reported that her father had had no direct con-
tact with camels during his stay in Qatar or Saudi Arabia.
One of his children (patient 3, a nurse) gave him acet-
aminophen and aspirin for 3 days and then intravenously
administered dexamethasone (4 mg) twice a day for 2
days. On May 6, patient 1 experienced worsened dyspnea
and he sought care at the Centre Hospitalier-Universitaire
Fattouma Bourguiba Hospital (Monastir, Tunisia) emer-
gency department, where he received a fifth injection
of dexamethasone. Chest radiograph showed left lower
lobe infiltrate (online Technical Appendix Figure, http://
wwwnc.cdc.gov/EID/article/20/9/14-0378-Techappl.
pdf). The patient was first admitted to the pulmonary
ward, where he received amoxicillin-clavulanate (1 g) 3
times daily; however, on May 8, respiratory failure and
peripheral signs of shock necessitated admission to the
intensive care unit (ICU), where he was positioned prone
and given noradrenalin infusion and mechanical ventila-
tion with additional nitric oxide.

Mini (<10 mL fluid injected) bronchoalveolar lavage
recovered a liquid of low cellularity; cultures for bacteria
and fungi were negative. Serologic tests for common re-
spiratory viruses were negative. The patient was first given
amoxicillin-clavulanate, ciprofloxacin, and rifampin. On
his second day in ICU, oseltamivir was added. The lavage
fluid was then tested in the Tunisia National Reference
Laboratory (TNRL) for MERS-CoV by using real-time re-
verse transcription PCR (rRT-PCR) upE (region upstream
of the E gene), open reading frame (ORF) 1a, and ORF1b
assays. These assays were developed in house according to
the Corman et al. protocol (3); results were negative. On
May 10, patient 1 died of multiple organ failure. Because
nasopharyngeal swab samples from his 2 adult children
were positive for MERS-CoV, the case of patient 1 was
reported to the World Health Organization as probable
MERS-CoV infection (4).
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Figure 1. Clinical course of disease for patients with confirmed Middle East respiratory syndrome coronavirus Infection, Tunisia, 2013. RH,
regional hospital; DH, district hospital; rRT-PCR, real-time reverse transcription PCR.

On August 5, 2013, the Centers for Disease Control and
Prevention (CDC) tested a serum sample collected from the
index-patient on May 9. Independent rRT-PCRs were posi-
tive for MERS-CoV (9); targets were upE (cycle threshold
[C] 30.27) and nucleocapsid protein (N)2 (C, 30.46). Se-
quences of the full N and spike (S) protein coding regions
were submitted to GenBank (accession nos. KF811035
and KF811036, respectively). Nucleotide/predicted amino
acid sequence identities with published MERS-CoV se-
quences for the N and S gene coding regions ranged from
99.2%-100% to 99.0%—-100% and from 99.4%-99.9% to
99.4%-99.8%, respectively. Phylogenetic relationships
between this virus (designated Tunisia-Qatar 2013) and
other published MERS-CoV sequences showed clustering
with geographically diverse sequences from Saudi Arabia
and the United Arab Emirates (Figure 2).

Patient 2 was the 30-year-old daughter who had accom-
panied the index case-patient to Mecca. She remained in Qa-
tar until she attended her father’s funeral in Tunisia on May
11, 2013, when she reported sore throat, cough, and fever.
On May 13, a chest radiograph showed bronchial thicken-
ing. A nasopharyngeal swab sample collected on May 16
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was positive for MERS-CoV by rRT-PCR performed at the
TNRL: upE C, 27.5, ORFla C, 27.46, and ORF1b C 37.55.
Testing at CDC detected a C, of 28.46 for upE and negative
results for N2 and N3 (5). A few days after she received os-
eltamivir, the patient’s symptoms resolved.

Patient 3 was the 34-year-old son of the index case-
patient, a nurse in the ICU where his father had been ad-
mitted. He had not traveled outside the country during the
incubation period, and his first contact with the index case-
patient was after his father’s return to Tunisia and illness
onset. He cared for his father at home during the initial
phase of illness and thereafter in the pulmonology depart-
ment and ICU. Patient 3 reported a sore throat on the day
after his father’s funeral. A nasopharyngeal swab sample
obtained on May 16 was positive for MERS-CoV by rRT-
PCR performed at TNRL: upE C 21.56, ORFla C, 27.6,
and ORF1b C 31.39. At CDC, the nasopharyngeal swab
sample was positive for MERS-CoV by 3 independent
rRT-PCRs (3): C, 21.67 for upE, 34.51 for N2, and 32.32
for N3. Patient 3 recovered without treatment.

Contact tracing involved the 4 remaining family mem-
bers. Nasopharyngeal and/or throat swab samples were

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 20, No. 9, September 2014



A KF358T02 1MERS-CoV-Jecdah-human-1|11-2013

KFS17827. 1|MERS-CoV-Jeddah-Camel-1[11-2013 a"

KJ156044.1]Riyadh_5_2013(7-2013
KJ1S6B61. 1jHatr-Al-Batin_4d_20138-2013 (3)
KJ1SBBE3. 1jAsir_1d_2013(7-2013
KFB00613. 1|Riyadh_3_20132-2013
KJ156881.1|Wadi-Ac-Dawasir_1_20138-2013
KJ156040.1|Tall_1_32013|6-2013
KJ156852,1|Riyadh_4_2013{3-2013
KCBETOT4. 1|England-Qatar 2012(9-2012
KJ156839.1]Al-Hasa_27b_2013)5-2013 (1)
KI7T13206 1[KSA-CAMEL-378)11-2013 1
79 KJIBB009E 1|Qatar_2_2014|2.2014 A"

N ORF

KJ713295.1|KSA-CAMEL-505(11-2013
IFVIMERS-CoVideddah_2014_CT588 (2)

MERS-CoV/Makkah_2014_C3355
KFE00820.1|Bisha_1_2012)8-2012
KF152507.1|Munich|2013
KJ156817.1|Madinah_1c_2013/9-2013 (1)
KJ156942 1|Rivadh_8b_2013(7,8-2013(1)
KFE00812.1|Riyadh_1_2012]10-2012 (3)
HJ156859.1|Riyadh_8_2013(7-2013
KFEO00627.1|Halr-AlBatin_1_2013(5-2013
KJ156827.1|Riyadh_Be_2013[7-2013
HPA|KSAEngland2|2-2013
KF951221.1|0atar3j10-2013
KF961222.1|Qatard| 10-2013
KF1BE56T.1|Al-Hasa_1_2013(5-2013 {15)
KJ713297 1KSA-CAMEL-503)11-2013 ("
KJ713290.1|KSA-CAMEL-376[11-2013 M
¥J713298.1|KSA-CAMEL-36311-2013 ("
@ KF81 1035 Tunisia-Catar_20135-2013
KJ1SE876.1|Tall_2b_2013(6-2013
KJ156502 1]Asic_25_2013{8-2013
KF745068 1| FRALUAE 2013)5-2013
KFB00630.1|Buraidah_1_2013}5-2013
KJ156001.1|Riyadh_125_2013{8-2013
KJIB50297,1KFU-HKU 1)12-2013 7
KJS50296.1|KFU-HKU 190am(12-2013
KJSS0285.1|KFU-HKU 131112013 1Y

KJ4T7102,1|NRCE-HKUZ205 20132013

JHEES05 2[EMCI2012)8-2012
KCTTE174 1 Jordan-NA200 214-2012

—
0.0005

Family Cluster of MERS-CoV Infections, Tunisia

KFE00626. 1j41-Hase_Bc 2013152013
MFGO0GM 1AlHasa_21_2013{5-2013
HEB00R4Y 1Ak Hasa_14b 2071352013

KF 188567, 1)A)-Haea_1_20134.56-2013 (13)

KFE00545. 1A Hasa_18_2013)5-2013

KJ155860 1|Riyndh_8_N137-2013

KFB00S52 1|Riyadh_2_2012|10-2012
KF800830.1|8uraidan_1_2013/8-2013
@ KFE11036{Tunaio-Qotar_2013/5-2013
KFT45068 1FRALAELS-2013
WISEETE 1 Tad_Tb_2013)5-2013
KIT13299.1KSA-CAMEL-378(112013 (4
KBSOZT. 1 KFU-HL 11122013 17
100
JBS0Z95 1 IKFU-HIRU 13(11-2013 P
KIBSOZ06. 1[KFU-HIKU 1908m12-2013 "
HPA[England2{2-2013
52 KFE0OS12.1|Riyadn_1_2012(40-2012
= WFG00620.1/Bisha_1_201216-2013
95 | KFOS1222 1Catard|10-2013
KF981221 1)jQatar}10-2013
KJ1S68T4, 1jHatr-AkBatin_6_2013(8-2013
99| KFEODS28.1|Ha-ALBatin_1_20138-2013
HJ156010 1jHatr-AlBatin_2_2013{8-2013
KJ156901 1Riyach_120_20138-2013
KJ156905 1Fymch_Th_2013(7-2013
KJ158634. 1 Riyadh_14_2013/8-2013
KINBEETI. 1 Riyadn_136_2013-2013
KJ156042 1Riyadh_Bh_2013[7-2013
77 KIISER11.1|Riyadh_11b_20131-2013
KJ1S5508,1|Riyadn_106_20138-2013
KI1EE020.1|Riyadn_175_20138-2013
KI1SED18. 1jhadinah_Tb_2013(3-2013

a5

S ORF 2

KI156852 1[Rymdh_4_20130-2013
IFVIMERS-CoVTJuddat, 2014 CBEIEI4-2014
FYMERS-CoviMakkah_2014_C3388
IFVMERS-Colldpddah_2014_CT1454-2014 (3)
KJB50098 1 star_2(2-2014 (%
KUT13295 1 [KEACAMEL.50511.2013 47
KIT13206 1KSA-CAMEL 378112013 (4
KJT13297.1 KA CAMEL 503112013
o KITIIG98 IHSA-CAMEL 363112013 7
KCBETOT4 1|England-Ostar20129-2012
KF600613 1fRiyach_3_20132-2013
KF917527.1MERS-Cav-Joddan Camel-111-2013 A
KFRS8TOR 1|MERS-Calv-Jeddah-haman-1(11-2013
75 KSS6336 fjeddan_1_2013(11:2013
KI155044|Riyedn_5_2013[7-2013
K.J156049.1[Taif_1_2013}6-2013
KJ166881,1(WachAd-Dawasie_1_20136-2013
IXBESOS ZIEMC 0N 2182012
KCTTBIT4 1 omdan-H20124-2012

2

KMTTI02 ANRCE- HKU2052013 4

ev—
o001

Figure 2. Midpoint-rooted phylogenetic trees of the full-length nucleocapsid (N) (panel A) and spike (S) (panel B) open-reading frames
(ORFs) of isolates obtained from index case-patient with Middle East respiratory syndrome coronavirus (MERS-CoV) infection,
Tunisia, 2013. Serum and available nucleotide sequences from GenBank and Public Health England (http://www.hpa.org.uk/webw/
HPAweb&HPAwebStandard/HPAweb_C/1317136246479) and the Institut Fir Virologie (http://www.virology-bonn.de/index.php?id = 46).
The estimated neighbor-joining trees were constructed from nucleotide alignments by using MEGA version 6.06 (http://www.megasoftware.
net). Sequence names are written as GenBank accession number|virus strain name|month-year of collection. Numbers in parentheses
denote the number of additional sequences from viruses isolated from humans that are identical to the listed sequence. Solid circles
indicate sequences from MERS-CoV from Tunisia, 2013. Camel icons indicate MERS-CoV sequences derived from isolates from camels.
Bootstrap support values (1,000 replicates) 275% were plotted at the indicated internal branch nodes. Scale bars indicate number of

nucleotide substitutions per site.

collected a mean of 5 weeks after contact from the other
2 (not ill) children of patient 1, his spouse, and the spouse
of patient 3. Health care workers who had been in contact
with the index case-patient in the pulmonology ward (n =
2) or ICU (n = 6) and who had reported sore throat, hyper-
thermia, and/or diarrhea (1 worker) were also investigated.
All respiratory samples from contacts were negative for
MERS-CoV by rRT-PCR.

Conclusions

The fact that the diagnosis for the index case-patient
was made by PCR of a serum sample collected 10 days af-
ter symptom onset and tested several weeks later highlights

Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 20, No. 9, September 2014

the value of testing serum samples for MERS-CoV RNA.
This finding also provides valuable information about vi-
remia in MERS CoV-infected patients, contributing to our
understanding of the natural history of MERS-CoV infec-
tion and kinetics of virus shedding (7).

Given the incubation period of the disease (up to 15
days), the father most likely acquired his infection in Qa-
tar (8,9). Patient 3, who had not traveled outside Tunisia,
could have been exposed during the 11 days he cared for
his father at home and in the hospital. The history of pa-
tient 2 is less clear; she might have acquired the virus from
the same source as her father in Qatar, or she might have
been secondarily infected by contact with him before he
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left Qatar, given that her illness began almost 12 days after
her father’s.

Patient 1 was severely ill at the time of ICU admission;
in <3 days, his condition rapidly evolved to multiple or-
gan system failure and death. Although we cannot account
for the diabetes or corticosteroid contributions to his dis-
ease severity, we can speculate that they might have wors-
ened his outcome. Other MERS CoV patients who have
died had concurrent conditions (2), and corticosteroids are
thought to worsen the outcomes for patients with influenza
A(HINT1) virus infection (0).

The contact tracing results shed light on the potential
for person-to-person transmissibility of MERS-CoV. Only
2 family members who had been in close and prolonged
contact with the index case-patient became infected. In-
fection was not acquired by the case-patient’s wife, his 2
children who did not live with him, or the ICU workers
who had short-term close contact with him. However, these
results should be interpreted cautiously because only naso-
pharyngeal swab samples obtained 5 weeks after contact
with the index case-patient were tested. In addition, sero-
logic testing, which was not performed in the present inves-
tigation, could have shed more light on person-to-person
MERS-CoV transmissibility.
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Technical Appendix

Technical Appendix Figure legend. Chest radiograph of the Middle East respiratory syndrome index case-patient,

taken at the time of admission to intensive care unit (May 8, 2013), Tunisia, showing pulmonary infiltrates in the

entire left pulmonary field and a contralateral infiltrate in the lower half of the right pulmonary field.



