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Diagnostic accuracy of 16S rDNA PCR in bacterial n
pyomyositis: A prospective study

Dear Editor,

In this Journal, Lelouvier and colleagues reported the use of 16S
metagenomic sequencing to diagnose polymicrobial and culture-
negative bacteraemia. | We also used 165 rDNA PCR to study the
bacteriology of bacterial pyomyositis, a rare infection of skeletal
muscles in which cultures are often sterile as most patients are
receiving antibiotic therapy for days or even weeks prior to aspi-
ration of pus. Indeed, establishing the diagnosis is a clinical chal-
lenge as initial symptoms are nonspecific and last for a mean du-
ration of 23 days before hospitalization.> Aspiration of purulent
material - the diagnostic gold-standard - is required for culture-
based identification of the causative agent.> Staphylococcus aureus
is the most common pathogen reported in published cases, but
other bacteria are frequently identified and empirical treatment is
typically with broad-spectrum antibiotics.* Empirical treatment is
tenuous, however, because the authentic pyomyositis epidemiology
is not known. All reported cases are individual clinical cases and no
prospective study has been carried out allowing the evaluation of
the frequency of this disease in the community at large or of the
proportion of culture-negative cases.

Broad-range PCR targeting 16S ribosomal DNA (16S rDNA PCR)
allows the identification of bacterial pathogens in culture-negative
clinical samples® and is particularly useful in patients who have
been treated with antibiotics.®” In the present prospective study,
we compared results of 16S rDNA PCR and culture in patients with
pyomyositis. We prospectively included all patients admitted to
our Infectious Diseases Unit suspected to have pyomyositis who
underwent needle aspiration of pus from muscle for microbiolog-
ical diagnosis. The purulent material was distributed among three
tubes, for microscopic analysis, routine culture (at CHU de Bicétre)
and 16S rDNA PCR analysis using the SepsiTest kit™ (Molzym) ac-
cording to the manufacturer’s instructions (at HEGP). PCR analysis
was performed blinded to the culture results.

Between 2008 and 2018, 12 patients were recruited (7 female,
5 male); their mean age was 58 years (range: 34-89). Seven
(58%) patients had an underlying condition or disease (Table 1):
haemodialysis (N=2), HIV infection (N=2), cancer (N=2), cir-
rhosis (N=1). For the five remaining patients, four were without
notable medical history and one had Streptococcus agalactiae endo-
carditis 6 months before admission. CT-scans revealed pus in the
psoas (N=5), lower limb muscles (N=5), superior limb muscles
(N=1) or lumbar muscles (N=1). At the time of pus aspiration,
all patients were receiving antibiotic treatment with a median
duration of 23 (range: 3-94) days. Symptoms of muscle infection
manifested in only 5 (42%) cases, lasting for a mean of 23 days
before the definite diagnosis was made.

https://doi.org/10.1016/j.jinf.2019.08.008

16S rDNA PCR performed on the pus allowed bacterial iden-
tification in all cases: Staphylococcus aureus (N=4); Streptococ-
cus species (N=3), Clostridium species (N=2), Arcanobacterium
haemolyticum (N=1), Proteus mirabilis (N=1) and Enterococcus fae-
cium (N=1).

Cultures of pus samples from 5 (42%) patients grew bacte-
ria that were identified in agreement with those identified by
16S rDNA PCR (Fig. 1), i.e., S. aureus, P. mirabilis, C. septicum, A.
haemolyticum and E. faecium. For four (33%) patients, pus cultures
were sterile (Fig. 1), but concomitant cultures of blood or synovial
fluid samples yielded bacteria concordant with those identified by
16S rDNA PCR, i.e., S. aureus (N=3) and S. pyogenes (N=1). We
considered these bacteria to be the causative agents of pyomyosi-
tis and treated the patients accordingly, with favorable outcome in
each case.

For the 3 (25%) remaining patients (Fig. 1), microbiological anal-
ysis, but not 16S rDNA PCR, yielded negative results. Their medi-
cal history agreed with the 16S rDNA PCR findings. Patient 10 had
been treated for S. agalactiae endocarditis 6 months prior to the
onset of pyomyositis. Patient 11 fully recovered after 8 weeks of
amoxicillin and clindamycin therapy, suggesting that the Strepto-
coccus identified by 16S rDNA PCR was the cause of pyomyositis.
Patient 12 was admitted for fever of unknown origin. A CT-scan
showed a gas-containing iliac abscess. Cultures of purulent aspi-
rate were negative, but 16S rDNA PCR revealed the presence of C.
perfringens. Piperacillin-tazobactam was administrated. Cultures of
a second percutaneous aspirate were also negative, while the 16S
rDNA PCR again confirmed the presence of C. perfringens. Unfortu-
nately, the patient died from unrelated hemorrhagic shock.

As pyomyositis is a rare infection, we could only recruit 12 pa-
tients for the present study. This study is, however, one of an un-
biased, continuous series that allowed us to evaluate 16S rDNA
PCR in both culture-positive and -negative pyomyositis. The high
prevalence (70-90%) of staphylococci in bacterial cultures of aspi-
rates from muscle could result from greater fitness of staphylococci
to survive in muscle abscesses despite prior antibiotic therapy.>>
Rampini et al. have shown the interest of 16S rDNA PCR in the
identification of bacterial pathogens responsible for infections in
patients undergoing antibiotic therapy, particularly when samples
are retrieved from a usually sterile compartment.® The use of 16S
rDNA PCR on valves of patients with culture-negative infective en-
docarditis is now well recognized.”

In conclusion, the results of 16S rDNA PCR were in agreement
with those of routine culture in all culture-positive cases. When
cultures were negative, species identification by PCR guided a
switch in treatment, from broad- to narrow-spectrum antibi-
otics. This is of major interest as most pyomyositis cases occurs
in patients with chronic underlying disease predisposing to
healthcare-associated infections, and choosing the appropriate an-
tibiotic therapy is a particular concern in the era of multiresistant
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Table 1
Patient data, antibiotic treatment, bacterial identification and outcome.
N  Sex/age Medical condition/clinical Localization of Initial Duration of Culture results of Culture results 16S rDNA PCR Adapted antibiotic
(y) presentation before diagnosis pyomyositis antibiotic antibiotic therapy  muscle pus of other result from therapy and
of pyomyositis regimen before muscle pus samples muscle pus outcome
aspiration (d)
1 F/52 « No underlying disease Left AMX/Clav 15 Staphylococcus None S. aureus LVX (16w)
« Fever and pain in the left quadricipital (2 d), OXA aureus Recovered
thigh for 10 days muscle (10 d), LVX (3
d)
2 F/63 « Hemodialysis Left calf LZD (2 d), 14 Proteus mirabilis None P. mirabilis OFX (12w)
« Fever and pain in the left AMX +LZD (2 Recovered
leg for 10 days d), AMX (10
d)
3 M/87 « Prostate cancer in Left AMX|/Clav (10 10 Arcanobacterium  None A. LvX
remission for 10 years quadricipital d) haemolyticum haemolyticum prolonged
« Fever for 16 days and psoas antibiotic therapy
muscles Recovered
4  M/45  Active bronchial cancer with Left psoas Vancomycine 17 Enterococcus. E. faecium in E. faecium Targocid (6w)
metastasis (17 d) faecium blood culture Recovered
5 M/57 « HIV, active colon cancer Right tricipital CRO+MTZ 39 Clostridium C. septicum in  C. septicum AMX/Clav (8 d)
« Fever and mild pain in  muscle (9d), TZP (7 septicum blood culture Recovered
the right arm for 15 days d), TGC (7 d),
AMX (16 d)
6 F/41 + No underlying disease Both thighs and LZD + AMX 20 Sterile Streptococcus  S. pyogenes AMX + CLI
« Rhinoplasty with legs (10 d), AMX/ pyogenes in (Bw)
post-operative fever for Clav + CLI + blood culture Recovered
28 days GEN (10 d)
7 M/34 - Vertebral fracture T12 Lombar CRO (1 d), 13 Sterile Staphylococcus ~ S. aureus OFX+R (4w)
Arthrodesis T10-L1 in TZP (2 d), CZ aureus in blood Recovered
2001. (10 d) culture
8 F/62 « Alcoholic cirrhosis, Left psoas and OXA + GEN 12 Sterile Staphylococcus ~ S. aureus LVX+R (42 d)
insulin-treated diabetes iliac muscles  (4d), OXA aureus in blood Recovered
« Fever and chills (8d) culture
9 F/38 « HIV infection Left OXA (28 d) 28 Sterile Negative blood S. aureus OXA+LVX
« Arthritis of the left knee quadricipital culture, but (4w)
and pain in the left calf muscle culture of Recovered
with fever for 30 days synovial fluid
grew S. aureus
10 F/89 « Bilateral hip prosthesis  Bilateral psoas AMX (6w), 94 Sterile Negative S. agalactiae AMX
« Streptococcus agalactiaee  and gluteus CRO (6w), concomitant prolonged
endocarditis of the mitral maximus, CRO + MTZ blood culture, antibiotic therapy
valve 6 months before  communicating (10 d) but S. agalactiae Recovered
admission with hip isolated 6
- Isolated fever for 28 days prothesis months earlier
11 F/58 + No underlying disease Left AMX/Clav 3 Sterile None Streptococcus AMX + CLI (8w)
- Fever and pain in the left quadricipital, (3 d) spp. Recovered
thigh for 11 days obturating and
gluteus muscles
12 M/71 « Hemodialysis Left ilio-psoas HRZ+ CLARI 11 Sterile None C. perfingens in  TZP (19 d)
- Fever for 10 days muscle (8 d), MTZ both pus Deceased
(34d)

Abbreviation: AMX, amoxicillin; AMX/Clav, amoxicillin/clavulanate; CLARI, clarithromycine; CLI, clindamycin ; CRO, ceftriaxone; CZ, cefazolin ; FEP, cefepim; GEN, gentam-
icin; H, isoniazid; IPM, imipenem; LVX, levofloxacin; LZD, linezolid; MTZ, metronidazole; OFX, ofloxacin; OXA, oxacillin; R, rifampicin; TGC, tigecycline; TZP, piperacillin-

tazobactam; Z, pyrazinamide; . (d), days. (w), weeks; (y), years.

bacteria.> We suggest that16S rDNA PCR be applied in all cases
of pyomyositis, particularly when bacterial cultures are negative.
In the future, an authentic microbial epidemiology of pyomyositis
could be described if bacteria recovered from culture-negative pus
samples were included.
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Fig. 1. Results of culture (positive or negative) plotted against 1 the time between initiation of 2 antibiotic treatment and PCR-positive pus from muscle (days). This figure
shows that a routine 3 bacterial culture grew in only 5 (42%) cases (Top Figure), while 16S rDNA PCR identified 4 bacteria in 7 additional cases (58%) (Bottom Figure). It is
noteworthy that streptococcus species, 5 known to be difficult to culture if the patient is under antibiotic therapy, were only identified by 6 16S rDNA PCR.
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Prenatal valacyclovir treatment of fetal citomegalovirus m

infection: A case series e,
Dear Editor,

We read with interest the article by Lim et al. published in
June 2017 (Congenital cytomegalovirus - who, when, what-with
and why to treat?).!

Citomegalovirus (CMV) is the most common congenital viral in-
fection and is a leading cause of disability. Nowadays there are nei-
ther vaccines for primary prevention, neither approved therapies
for the treatment of maternal-fetal infection. A French research
group demonstrated that maternal use of high-dose Valacyclovir
in symptomatic fetal CMV infection reaches therapeutic concen-
trations, reduces viral load in fetal blood and seems to reduce
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Table 1
Details of maternal infection.

Case Presumed Valacyclovir ~ Time (wks) between Valacyclovir ~ Weeks of GE at am- CMV-PCR CMV US symptoms
Number week of beginning presumed infection therapy therapy niocentesis in amniotic ~ amniotic

infection (GE) (mean) and initiation stop (GE) (n°) fluid fluid

(range) of therapy with (copies/ml)  colture

Valacyclovir
1 8-16 23 1 40 17 21 3.175.940 Pos no
2.1 4-9 22 15.5 35 13 22 56.000.000 Pos IUGR, Hyperechogenic
bowel

2.2 4-9 22 15.5 35 13 22 98.000.000 Pos Hyperechogenic bowel
3 6-12 20 1 38 18 19 9.270 NP* No
4 5-11 21 13 41 20 20 887.750 Pos No
5 0-12 20 14 41 21 20 1.750.000 Pos No
6 0-6 22 19 41 19 21 3.500 Neg No
7 12-19 25 9,5 38 13 21 595 NP* No
8 18-19 25 6.5 40 15 24 73.150 Pos No
9 6-12 21 12 40 19 20 1.603.000 Pos No
10 0-8 22 18 41 19 21 <425 Neg No

NP* Not performed, amniocentesis performed in other center.
GE: Gestational Age.

Neg: Negative.

Pos: Positive.

US: Ultrasound scan symptoms.

IUGR: Intrauterin Growth Restriction.

substantially the rate of symptomatic infected infants compared
with historic controls.2?> We describe a case series of Valacyclovir
use in fetal asymptomatic CMV infection in women referred to our
Prenatal Diagnosis Service (Fondazione Policlinico Universitario A.
Gemelli IRCCS, Rome, Italy). This study followed the protocol for
off-label use applied in our Institution. Women with a diagnosis
of primary CMV maternal infection in periconception period, first
and second trimester of pregnancy referred to our center from
August 2016 to October 2018 were evaluated. CMV serology, I1gG
Avidity molecular test for CMV of blood, molecular and cultural
tests of urine and pharyngeal exudates for CMV were performed.
Valacyclovir treatment was offered to women with a diagnosis of
fetal CMV infection, defined as positivity of CMV-DNA detection
by PCR or culture on amniotic fluid (AF). All patient gave written
consent, after having understood the investigational nature of an-
tiviral therapy. Valacyclovir was administrated per os at a dose of
8 g/die from the diagnosis of fetal infection until delivery. The first
visit will be made 15 days after first Valacyclovir administration.
Subsequent visits were programmed monthly. The blood count
and liver/kidney maternal function tests, CMV serology, molecular
test for CMV of blood, molecular and cultural tests of urine and
pharyngeal exudates for CMV will be made 15 days after starting
therapy and then every 30 days. Second level Ultrasound scan (US)
will be made every thirty days. Timing and route of delivery were
determined by standard maternal and fetal indications. In order to
confirm diagnosis of infection in the newborn, anti-CMV IgM and
CMV-DNA detection by PCR on cord blood was performed, and
placentas were submitted for microbiologic examination. Within 3
weeks from birth, CMV-DNA detection by PCR and anti CMV IgM
on neonatal blood and CMV-DNA detection by PCR on neonatal
urine were performed. Clinical and neurological examination of the
newborn, cranial circumference measurement, blood count, renal
and hepatic function tests, cerebral US, TEOAES and fundus oculi
examination were performed before discharge. Ten women were
treated: 9 singleton pregnancies and a bichorionic biamniotic twin
pregnancy (Table 1). Mean gestational age (GA) at amniocentesis
was 20.9 (£1.37 SD). Valacyclovir therapy was started at a mean
GA of 22.1 weeks (£1.79 SD) and continued until delivery. The drug
was administrated for a mean of 17.4 weeks (£1.2.84 SD). No ad-
verse events were reported. Mean GA at delivery was 39.18 (+2.36
SD). Mean birthweight was 2.650 g (+577.94 SD). Eight fetuses had
positive virology for CMV infection at birth; only one was symp-

tomatic at birth (case 2.2), while an infant developed a Bilateral
Hypoacusia at 8 months of age (case 5) (Table 2). The symptomatic
infection rate at birth was 1/11 (9%) and the rate of late sequelae
was 9% (1/11). In the symptomatic infant (case 2.2), US scan re-
vealed bowel hyperechogenicity after amniocentesis. Viral load on
amniotic fluid was higher compared to the asymptomatic infected
fetuses in this group. Furthermore, her mother was administered
Valacyclovir for only 13 weeks. At birth she presented a Y-GT
elevation in absence of other signs of visceral damage. Therefore,
TEOAEs revealed a bilateral REFER result, and cerebral US showed
a mild bilateral periventricular hyperechogenicity with mild ven-
triculomegaly. At sixth month audiometric examination revealed
a profound bilateral hearing loss. The child underwent surgery for
a bilateral cochlear implant. MRI performed at 14 months of age
detected areas of hyper-intensity in the white matter in fronto-
parietal region compatible with areas of delayed myelination.
Currently, the child has a normal psychomotor development. Case
5 developed a sensorineural hearing loss at 8 months of life and
started therapy with Valganciclovir. In these series, Valacyclovir
was administered for a long time without side effects, demonstrat-
ing to be safe for mother and infants. We observed 3 newborns
(case 6,7,10) who had negative serology and virology at birth, with
an observed rate of negativity at birth of 27,3% (3/11). Moreover,
they showed no clinical or instrumental sign of infection. In case
10, the number of copies in the amniotic fluid was low (<42,5
copies/ml) and a false positive cannot be excluded, although
according unpublished data a false positive never occurred in our
center. In cases 6 and 7 the number of copies of CMV on amniotic
fluid was 3500 copies/ml and 595 copies/ml respectively. In two
cases (6 and 10) AF colture was negative at 15 days, probably due
to low viral load. Negative virology at birth, anyway, may represent
an index of a favorable prognosis, considering that blood viral load
is emerging as a marker to predict sequelae.*’ To the best of our
knowledge, our series represent the first experience of high-dose
Valacyclovir use in asymptomatic fetuses following a prenatal
diagnosis of fetal CMV infection. The main limitation of these
series is represented by low sample size and the lack of a control
group. Therefore, we suppose that Valacyclovir could be effective
especially in low AF viral load, reducing viral replication and
allowing a microbiological clearance at birth. Low-viral load could
be reached also with a prenatal treatment following diagnosis of
maternal CMV infection. Starting high dose Valacyclovir follow-
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Table 2
Neonatal outcome.

Patient CMV-PCR in Neonatal GE at Mode of Weight at IgG (s/co) IgM (s/co) Blood Urine CMV-PCR  Pharyngeal Placental Placental
number amniotic fluid outcome birth delivery  birth CMV-PCR  (copies/ml) swab CMV-PCR Colture
(copies) (grams) (copies/ml) CMV-PCR
(copies/ml)

1 3,175,940 Asymptomatic 40 VD 2.650 6.08 neg 596 16.480.384 pos NA Neg
infected

21 56,000,000 Asymptomatic 35 CS 1.500 10.5 2.35 pos 10.000 >90.000.000 Pos Pos Neg
infected

22 98,000,000 Symptomatic 35 CS 1.700 12.6 1.68 Pos NA 85.000.000 Pos Pos Neg
infected

3 9270"* Asymptomatic 38 VD 3.100 71 Neg 2.490 Pos** NA** NA** NA**
infected

4 887,750 Asymptomatic 41 VD 2.630 12,1 Neg 259 >90.000.000 Pos Pos Neg
infected

5 1,750,000 Postnatal 41 VD 3.140 9,49 Neg 233 35.000.000 Pos Pos NA**
Sequelae

6 3500 Negative 41 VD 3.100 9,41 Neg Neg Neg Neg Neg Neg

7 595+ Negative 38 VD 2415 >180** Neg** Neg** Neg** NA** NA** NA**

8" 73,150 Asymptomatic 40 VD 2.990 63,3"* Neg ** <122 8.855 NA Pos NA**
infected

9 1,603,000 Asymptomatic 41 VD 2.735 4,53 Neg 49.987 165.550.000 Pos NA NA**
infected

10 <425 Negative 41 (& 3.190 9,31 Neg NA Neg Neg Neg NA**

GE: Gestational Age.

VD: Vaginal Delivery.

CS: Cesarean Section.

NA Not Available.
* Data from other center.
* Birth in other center.

ing maternal diagnosis of CMV infection could reduce vertical
transmission or viral load in amniotic fluid, leading to a better
prognosis for fetuses and infants. Although our results seem
to be encouraging, randomized controlled trials are needed to
demonstrate the role of Valacyclovir reducing vertical transmission
and/or viral load in AF, infection and symptoms at birth and
long-term sequelae.
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Novel reassortant H7N2 originating from the H7N9 highly x

pathogenic avian influenza viruses in China, 2019 = [&= =
Dear Editor,

In recent years, evolution, reassortant, pathogenicity and anti-
genicity of H7N9 AlIVs have been documented in this journal.!-*
Since 2013, over 1400 cases of human infection with novel
H7N9 influenza viruses have been reported in China, associated
with a high rate of mortality.” Studies on circulating H7N9 in-
fluenza viruses have suggested origination from poultry.® However,
strains isolated from live bird markets displayed low pathogenic-
ity in poultry.” H7N9, a highly pathogenic avian influenza virus
strain (HPAIV) has led to over 17 infection outbreaks in poul-
try in China since mid-2016.8-19 To control infection of poultry
by H7N9 and reduce the risk of human exposure, an inactivated
H7 vaccine (H7-Rel) was developed and used nationally since
September 2017, which successfully resulted in a significant de-
crease in the prevalence of H7N9 AlVs in both poultry and hu-
mans.'"2 In December 2018, the original vaccine was replaced
with H7-Re2 vaccine based on surveillance. In May 2019, an H7N2
AlV, A/chicken/China/SJZ1/2019 (SJZ1) was detected from H7-Re2-
vaccinated layers. However, the pathogenicity and antigenicity of
the H7N2 reassortant remain unclear. In this study, we present
a brief assessment of the genetic and molecular characteristics,
pathogenicity, and antigenicity of SJZ1.

PB2, PB1, PA, HA, M, and NS genes of SJZ1 were also closely re-
lated to those of H7N9 subtype viruses, such as A/chicken/Henan/
SD163/2017(H7N9), which are circulating in China. NP and NA
genes of SJZ1 were most closely related to those of A/chicken/
Shanghai/10/2018(H9N2) and A/chicken/Fujian/SD070/2017(HIN2),
respectively (Table S1). On the basis of analysis of phylogenetic re-
lationships, we found that SJZ1 was a reassortant virus that de-

rived its genes from a virus of a different subtype from poultry in
China.

Based on the deduced amino acid sequence of HA, SJZ1 strain
contained multiple basic amino acids (PKRKRTAR/GLF) at the cleav-
age site, suggestive of high pathogenicity. This theory was fur-
ther confirmed by analysis of the intravenous pathogenicity in-
dex (IVPI). The strain was highly pathogenic in chickens, with IVPI
value of 2.26, but showed low pathogenicity in ducks. No mortal-
ity or symptoms of infection were observed within 14 days post-
inoculation (p.i.), although virus could replicate in the internal
organs (brain, lungs, spleen, liver, intestine, and kidneys) of inoc-
ulated ducks on days 3 and 5 p.i. (Table S2).

The amino acid residues at the receptor binding site of HA pro-
tein were determined as Q226 and G228 (H3 numbering), suggest-
ing that these viruses preferentially bind avian-like receptors.’?

The phylogenetic tree based on the HA gene showed that SJZ1
strain belongs to the Highly pathogenic H7N9 clade but are clearly
distinguishable from HP H7N9 viruses isolated in 2017 and 2018
(Fig. 1).

Amino acid identities of the HA gene segments of SJZ1 strain
was 92.9% with H7-Rel and 95.0% with H7-Re2. To evaluate the
antigenicity and protective efficacy of the current H7-Re2 vaccine,
SPF chickens were vaccinated with H7-Re2 and rSJZ1 (a reverse ge-
netic recombinant carrying HA and NA of SJZ1 with internal gene
segments of PR8).

Cross-reactive HI titers of H7-Re2 antiserum against SJZ1 virus
were 6.5 log, lower than that against the homologous H7-Re2 anti-
gen. In contrast, cross-reactive HI titers of the antiserum against
H7-Re2 antigens from rSJZ1 virus were not markedly different from
those against the two homologous H7N9 viruses. These results in-
dicated that the SJZ1 virus exhibited rapid antigenic drift and dis-
tinct antigenicity relative to the H7-Re2 vaccine strain.

During the 10-day observation period after challenge, H7-Re2-
vaccinated birds displayed clinical signs of infection, such as de-
pression, huddling, decreased feed and water consumption. More-
over, shed virus was detected in tracheal and cloacal swabs from
all experimental chickens on 3 and 5 days post-challenge (p.c.),
and only 10.0% of the challenged chickens survived, indicating a
poor protective effect of the current H7-Re2 vaccine against SJZ1.

Notably, all rSJZ1-vaccinated birds survived with no clinical
signs of infection. In addition, no virus shedding was detected
in tracheal or cloacal swabs from any rSJZ1-vaccinated chickens
on days 3 and 5 p.c. (Table 1). Interestingly, antiserum against
the rSJZ1 virus showed a broader spectrum of reactivity to other
viruses, including H7-Re2.

In this study, we reported the emergence of a new reassortant
of SJZ1 which was generated by reassortment between the H7N9
AlVs and HIN2 AlVs in China. Results showed that SJZ1 exhibited
rapid antigenic drift and distinct antigenicity relative to the H7-Re2
vaccine strain, which provides poor protection for SJZ1. It warns of
the challenge we still face to control the H7N9 AIVs and their reas-
sortants. Monitoring of the prevalence of not only the H7N9 AlVs
but also reassortant H7 AlVs is essential to prevent the dissemina-
tion of these viruses.
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Fig. 1. Putative genomic compositions (A) and phylogenetic analysis of the hemagglutinin gene (B) of novel reassortant H7N2 virus isolated from poultry in China, 2019.
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Trees were constructed with MEGA6.05 software using the neighbor-joining method. Bootstrap analysis was performed with 1000 replications. “e” represents vaccine strains.

Scale bars indicate the number of nucleotide substitutions per site.

Table 1
Efficacy of H7-Re2 vaccine against SJZ1 highly pathogenic avian influenza viruses in chickens.
Vaccine group  Challenge virus Mean HI titer 21 days after Virus shedding Survival
immunization (log2)
Day 3 p.c. Day 5 p.c.
Challenge virus H7-Re2 Tracheal Cloacal Tracheal Cloacal
H7-Re2 SJZ1 1.7+03 8.2+04 6/6 (3.6 £0.4) 6/6 (44+0.4) 3/3 (4.3+£04) 3/3 (45+04) 1/10
1SJZ1 SJZ1 81+0.5 6.6+0.4 0/10 0/10 0/10 0/10 10/10
Control SJZ1 <1 <1 4/4 (4.3+£0.5) 4/4 (4.6+04) NA NA 0/10

@ pc: post challenge.
b NA: not applicable due to death of chickens.
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Supplementary material associated with this article can be
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Disseminated cystic echinococcosis of Ferdinando II de’ )
Medici, Grand Duke of Tuscany (1610-1670) s

Dear Editor,

Ferdinando II de’ Medici (1610-1670), eldest son of Cosimo II
and Maria Maddalena of Austria, was Grand Duke of Tuscany from
1621 to 1670. His reign was one of the longest in the history of
Tuscany, but it also marked the beginning of the Grand Duchy’s
economic decline. Ferdinando was a patron of science and friend
of Galileo Galilei, supporting him even after the scientist was con-
demned by the Inquisition.

The historians attributed the death of Ferdinando, which oc-
curred quite suddenly at the age of 60, to an ictus following
dropsy."?> However, a careful analysis of some documents from the
rich archives of the Medici family allows to establish with reason-
able certainty the exact cause of death. In particular, the necro-
scopic report written by the court surgeons, who carried out the
autopsy on the body of Ferdinando two days after his death, con-
tains relevant anatomo-pathological details. The court physicians,
including the famous Francesco Redi (1626-1698), friend and confi-
dant of the Grand Duke, reported that “The spleen [was] of a natu-
ral size and shape, a little pale, with two vesicles full of water. The
membrane that entirely cover internally the thorax [i.e., the pari-
etal pleura] was sprinkled with vesicles full of clear water, two of
which [were] larger than the others and four fingers long [...] and
they broke slightly when pressed with the finger. [...] The lungs,
bad in color and consistency, were externally full of watery vesi-
cles, which are called “hydatids” by the doctors [...]. At the base of
the heart, there were many vesicles of different sizes full of water
gathered together like a bunch of grapes”.?

The picture described by the doctors is a typical case of dissem-
inated cystic echinococcosis, a parasitic disease caused by tape-
worms Echinococcus multilocularis.* The diagnosis was clear even
to the doctors, who defined the cysts as ‘hydatids’. In fact, at the
time of Ferdinando echinococcosis was a well-known condition.
The first scholar who described the disease was Hippocrates, by

Fig. 1. Portrait of Ferdinando Il de’ Medici. Justus Sustermans, 1653-54 (Uffizi).

describing it as a “fluid-filled liver”, and then it was also recog-
nized by Aretaeus, Galen and the Arabian Razes;> however, it was
not until the past couple of hundred years that real progress was
made in determining and describing its parasitic origin. It is note-
worthy that the “animal” nature of the hydatid cysts of echinococ-
cosis was illustrated just by Francesco Redi in 1684, a few years
after the death of Ferdinando.> Only in 1863 E. multilocularis was
identified by Leuckart and during the early to mid-1900s, the more
distinct features of its life cycle and how it cause disease were fully
described and studied.®

The disease is defined as ‘zoonosis’ since the definitive hosts are
carnivorous predators, including dogs, wolves and foxes. The adult
tapeworm lives in their small intestines and delivers eggs to be
excreted with the excrement. The intermediate hosts are infected
by ingesting eggs. Sheep, goats, cattle, camels, pigs, wild herbi-
vores, and rodents are the usual intermediate hosts, but humans
can also be infected as dead-end hosts.* Once ingested, the para-
sites hatches from the egg, penetrates the intestinal mucosa, and
migrates through the bloodstream to internal organs such as the
liver. A fluid-filled cyst (metacestode or hydatid cyst) develops in
the affected organ after a period of time that can vary.’

The involvement of several thoracic organs in Ferdinando, in
particular the heart, probably caused heart failure, which can well
explain the dropsy described in the written sources, as well as the
fatal outcome.

The documents related to ancient autopsies are a valuable
source of information on the state of health of historical person-
ages, and provide an indispensable contribution to the history of
medicine (Fig. 1).
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