
of death were higher for patients with multiple and 
more severe underlying conditions. Further studies 
are necessary to better clarify the mechanisms that 
lead to severe outcomes among these patients.

For case-patients infected with MERS-CoV, the 
presence and compounding of underlying condi-
tions, including DM, hypertension, and, ultimately, 
COD, corresponded with an increasingly complicated 
clinical course and death. These findings indicate that 
increased clinical vigilance is warranted for patients 
with multiple and severe underlying conditions who 
are suspected of being infected with MERS-CoV.
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Influenza D virus (IDV) can potentially cause respiratory 
diseases in livestock. We isolated a new IDV strain from 
diseased cattle in Japan; this strain is phylogenetically 
and antigenically distinguished from the previously de-
scribed IDVs.
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Influenza D virus (IDV; family Orthomyxoviridae) is 
one of the possible bovine respiratory disease com-

plex (BRDC) causative agents. IDVs are detected in and 
isolated from cattle in many countries in North Amer-
ica, Asia, Europe, and Africa (1–4). In addition, both 
IDV RNAs and specific antibodies have been detected 
in many animal species (1,5,6). To date, IDVs have 
been phylogenetically classified into 3 lineages: D/OK, 
D/660, and Japanese lineages. We isolated a new IDV 
strain from cattle in Japan with respiratory disease, 
whose hemagglutinin-esterase-fusion (HEF) gene did 
not belong to the known phylogenetical lineages.

At a herd in Yamagata Prefecture in northern Ja-
pan, 15 Holsteins (37.5% of bred cattle in the herd) 
had respiratory signs develop during January 6–10, 
2019 (Appendix Table 1, http://wwwnc.cdc.gov/
EID/article/26/1/19-1092-App1.pdf). We collected 
nasal swab samples from 9 of 15 cows on January 7 
and 10. All samples subjected to IDV-specific real-
time reverse transcription PCR (RT-PCR) (7) were 
found positive. We also subjected these samples to 
RT-PCR analyses specific for bovine viral diarrhea 
virus 1 and 2, infectious bovine rhinotracheitis vi-
rus, bovine parainfluenza virus 3, bovine respiratory 
syncytial virus, bovine coronavirus, bovine rhinitis A 
virus, Mycobacterium bovis, Mycoplasma bovigenitalium, 
Mycoplasma dispar, Ureaplasma diversum, and Myco-
plasma bovirhinis. All samples were found negative for 
these pathogens except for the sample from cow no. 5, 
which was positive for M. dispar. Despite these cows 
receiving antimicrobial drug treatment, we isolated 
Mannheimia haemolytica from 7 of them (nos. 1–5, 7, 
8); cow no. 5 died on January 7. Taken together, these 
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Figure. Phylogenetic trees for the 
7 nucleotide genomic segments 
of D/bovine/Yamagata/1/2019 
(arrow), an influenza D virus of a 
new phylogenetic lineage, Japan. 
A) Polymerase basic protein 
2; B) polymerase basic protein 
1; C) polymerase protein 3; D) 
hemagglutinin-esterase-fusion 
protein; E) nucleoprotein; F) matrix 
protein; and G) nonstructural 
protein segments. Maximum-
likelihood analysis, in combination 
with 500 bootstrap replicates, 
was used to derive trees based 
on nucleotide sequences of the 
genomic segments. Bootstrap 
values are shown above and to the 
left of the major nodes. Scale bars 
indicate nucleotide substitutions 
per site.



factors suggested that IDV infection was involved in 
the onset of BRDC in this herd.

To isolate IDV, we inoculated the collected sam-
ples into human rectal tumor HRT-18G cells (Ameri-
can Type Culture Collection [ATCC] no. CRL-11663), 
incubated the cells for 4 days at 37°C, and blindly pas-
saged the supernatants in swine testis ST cells (ATCC 
no. CRL-1746) in the presence of tosyl phenylalanyl 
chloromethyl ketone-treated trypsin. We observed a 
cytopathic effect at the second passage. For further 
analysis, we used supernatants that tested positive 
for hemagglutination (HA) and for presence of IDV 
RNA detected by real-time RT-PCR, indicating suc-
cessful isolation of IDV (designated as D/bovine/
Yamagata/1/2019 [D/Yama2019]). We determined 
the entire genomic sequence of D/Yama2019 by per-
forming RT-PCR amplification of each viral segment 
with specific primers, revealing an identical sequence 
with that detected in swab sample no. 1. We depos-
ited our sequence data in GenBank (accession nos. 
LC494105–11).

We phylogenetically analyzed the sequences of 
D/Yama2019 by performing maximum-likelihood 
analysis using MEGA version X (8). The HEF se-
quence of D/Yama2019 acquired an independent 
position different from that exhibited in any other 
lineage, whereas those of the other segments were 
positioned relatively close to the preexisting Japa-
nese strains, in which polymerase basic protein 1 
and 2, polymerase protein 3, nucleoprotein, and 
nonstructural protein sequences were of the Japa-
nese lineage, whereas the matrix sequence was of 
the D/OK lineage (Figure).

We also collected serum samples from 8 cows on 
January 10 (acute phase of the disease) and February 
4 (recovery phase) and examined them for antibod-
ies against D/Yama2019 by using the HA inhibi-
tion (HI) test (Appendix Table 1). We treated serum 
samples with receptor-destroying enzyme (RDEII; 
Denka Seiken, Tokyo, Japan, https://www.denka.
co.jp) before the HI test, which was done with the D/
Yama2019 antigen and 0.6% turkey erythrocyte sus-
pension. We considered samples with HI titer >1:40 
to be positive (4). All serum samples collected on Jan-
uary 7 were HI-negative except for the sample from 
cow no. 1 (a titer of 1:40), whereas all samples col-
lected on February 4 were HI-positive (a titer range 
of 1:40–1:160), confirming seroconversion to IDV anti-
bodies in diseased cows. Taken together, these results 
indicate that cattle were infected with IDV, leading to 
BRDC in this herd.

We next compared HEF antigenicities among  
D/Yama2019 and 3 reference IDVs, D/swine/

Oklahoma/1334/2011 (D/OK) in the D/OK-lin-
eage (1), D/bovine/Nebraska/9–5/2012 (D/NE) 
in the D/660-lineage (9), and D/bovine/Yamaga-
ta/10710/2016 (D/Yama2016) in the Japanese lin-
eage (10), by performing HI tests using anti-IDV 
mouse serum and a panel of anti-HEF monoclonal 
antibodies (Appendix Table 2). We observed 1-way 
cross-reactivity between D/Yama2019 and D/OK or 
D/Yama2016 with antiserum. Monoclonal antibody 
clones B4 and R36 cross-reacted to D/Yama2019 and 
other tested viruses with different titers, whereas the 
clones G22, G27, and G74, which reacted strongly to 
D/Yama2016, did not react to D/Yama2019. These 
data indicated HEF antigenic heterogeneity between 
D/Yama2019 and viruses of the 3 known lineages. 
Monoclonal antibodies revealed the presence of com-
mon epitopes among IDVs, as suggested by previous 
reports (9,10). Amino acid differences were located 
on the head region of HEF among the IDVs, possibly 
causing antigenic heterogeneity.

In summary, we isolated a newly identified 
IDV from diseased cattle that was phylogeneti-
cally and antigenically distinguished from known 
IDVs. Further epidemiologic studies are needed to 
clarify invasion and epidemic status of these heter-
ologous IDVs, but our results indicated that heter-
ologous IDVs are circulating in close vicinity within  
the prefecture.
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Syphilis, caused by infection with the bacterium 
Treponema pallidum, is a sexually transmitted in-

fection for which incidence has been increasing since 
2002, especially among adult men >55 years of age 
who engage in risky sex (1). Syphilis has earned its 
nickname, the “great masquerader,” because it pro-
duces myriad nonspecific signs and symptoms that 
make it difficult to distinguish from certain other dis-
eases. Eye impairment occurs in >3% of cases (2,3) and 
can be the first manifestation (4). Optic nerve involve-
ment, either unilateral or bilateral, in the form of pap-
illoedema, perineuritis, or optic neuritis, is the second 
most common type of syphilitic ocular impairment 
(5). Each of these conditions shares findings from 
fundoscopy testing with unilateral or bilateral optic 
disk swelling (Table), but the etiology and, therefore, 
the diagnostic algorithm are different. Semiology and 
ophthalmological findings are the key to achieving a 
correct syndromic diagnosis. 

We describe the case of a 62-year-old man who 
was admitted to the neurology department at Hos-
pital Universitario de la Princesa in Madrid, Spain, 
with a 4-day history of bilateral decreased visual 
acuity. He was obese, an active smoker, and dyslip-
idemic. He reported neither ocular pain nor dyschro-
matopsia suggestive of optic neuritis, nor headache 
or diplopia usually associated with intracranial hy-
pertension. He had no known history of syphilis. Vi-
sual acuity was 20/32 in the right eye and 20/63 in 
the left. Pupils were equal and reactive to light, with 
no relative afferent pupillary defect, which is typical 
of unilateral optic neuritis. Slit lamp examination re-
sults were normal, showing no inflamed cells in the 
anterior chambers or vitreous. Neurologic examina-
tion was normal. Opening pressure of the cerebrospi-
nal fluid (CSF) on lumbar puncture was 27 cm H2O, 
above the reference range of 5–20 cm H2O. The CSF 
white cell count was 0, with normal glucose and pro-
tein levels. A fundus examination revealed bilateral 
optic disk swelling and peripapillary retinitis; visual 
field testing revealed bilateral central scotoma and an 
enlarged blind spot (Appendix, https://wwwnc.cdc.
gov/EID/article/26/1/19-1122-App1.pdf). 

Doctors initiated acetazolamide for suspected 
idiopathic intracranial hypertension (IIH), but  

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 1, January 2020 171

RESEARCH LETTERS

Syphilis produces myriad nonspecific signs and symp-
toms. For example, optic disk swelling might be seen in 
patients with syphilis as a result of cranial hypertension 
(papilloedema), inflammatory optic neuritis with papillitis, 
or optic perineuritis. We report a case involving differ-
ential diagnosis of syphilitic bilateral papillitis mimicking 
papilloedema. 


