
contact with COVID-19 patients during the very early stages of the
pandemic, when the availability of PPE was still inadequate.
Among HCWs who did not have contact with confirmed cases,
the percentage of infection was low (3.29%), even lower (although
not significantly) than among non-HCWs (5.17%). Serological
analysis indicated that 25% of infected HCWs were asymptomatic
with no contact with confirmed COVID-19 patients (71.4%) or
had PPE-protected contact (28.6%). A limitation to this study
could be the lack of information regarding staff-to-staff transmis-
sion and potential community-associated risks.

In conclusion, our data indicate that the prevalence of SARS-
CoV-2 among pediatric HCWs is low and similar to community
prevalence, suggesting that there is no increased risk within hos-
pitals providing appropriate PPE.

These results are of particular relevance considering that this
area was among those with the highest epidemic density worldwide
and that the virus had already spread unnoticed since mid-January
2020. The hypothesis of a minor role of children in the spread and
transmission of SARS-CoV-27 should be explored. Further retro-
spective serological investigations among children with respiratory
symptoms that were hospitalized or had access to the emergency
room before the official start of the COVID-19 outbreak in Italy
will allow to date the introduction of the virus in the pediatric
population.
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Reduction in abdominal hysterectomy surgical site infection rates
after the addition of anaerobic antimicrobial prophylaxis

Takaaki Kobayashi MD , Kyle E. Jenn BSN, Noelle Bowdler MD, Rita Malloy MAN, Stephanie Holley MBA,

Tatiana Izakovic MD, Mary E. Kukla BSN, Oluchi Abosi MB ChB, MPH, Angelique Dains BSN, Holly Meacham MSN,

Daniel J. Diekema MD, Michael B. Edmond MD and Jorge L. Salinas MD
University of Iowa Hospitals & Clinics, Iowa City, Iowa

Antimicrobial prophylaxis is one of the most effective surgical site
infection (SSI) prevention measures.1 Current guidelines recom-
mend the use of cefazolin as prophylaxis for abdominal hysterec-
tomy procedures.2 However, there is growing evidence that

Table 1. Subjects Characteristics, Work Settings, and SARS-CoV-2 IgG Positivity

Characteristic SARS-CoV-2 IgGþNo. (%)

Female (N= 555) 24 (4.32)a

Male (N= 108) 10 (9.26)a

TOTAL (N= 663) 34 (5.13)

Profession

Healthcare worker (N= 547) 28 (5.12)

Physician (N= 214) 10 (4.67)

Nurse (N= 216) 13 (6.02)

Other health technicians (N= 117) 5 (4.27)

Non-healthcare worker (N= 116)b 6 (5.17)

Setting

Specialist outpatient services (N= 63) 4 (6.34)

Surgery (N= 27) 6 (22.22)c

Pediatric (N= 80) 1 (1.25)

Pediatric emergency room (N= 55) 1 (1.82)

Neonatal intensive care (N= 47) 1 (2.13)

Pediatric intensive care (N= 42) 6 (14.29)d

Pre- and postnatal (N= 181) 6 (3.31)

Administration/Pharmacy/Laboratory (N= 70) 6 (8.57)

Others (N= 98) 3 (3.06)

aFemale vs male: 4.32% vs 9.26%, P < .05.
bBiologists, pharmacists, laboratory technicians and administrative employers.
cSurgery vs all the others: 22.2% vs 4.4%, P < .001.
dPediatric intensive care vs all other wards: 14.3% vs 4.5%, P < .01.
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anaerobes play a role in abdominal hysterectomy SSIs.3 We
assessed the impact of adding anaerobic coverage on abdominal
hysterectomy SSI rates in our institution.

Methods

The University of Iowa Hospitals & Clinics (UIHC) is an 811-bed
academic medical center that serves as a referral center for Iowa.
Historically, patients undergoing abdominal hysterectomy (open,
laparoscopic, and robot-assisted laparoscopic) received only cefa-
zolin for antimicrobial prophylaxis. However, in November 2017,
patients undergoing abdominal hysterectomy began receiving
metronidazole in addition to cefazolin after we noted an increase
in SSI rates. Also, standardized infection ratios calculated by the
National Healthcare Safety Network (NHSN) were >1. Order sets
within the electronic health record were modified, and education
was provided to surgeons, anesthesiologists, and other team mem-
bers. SSI rates were calculated for abdominal hysterectomies
undertaken between January 2015 and September 2019, using
NHSN definitions. We excluded cases of vaginal hysterectomy.
Rates were calculated for complex infections (deep incisional
and organ space), and for infections at all depths (superficial inci-
sional, deep incisional, and organ space). SSI rates were also inves-
tigated according the approach of the procedure (open vs
minimally invasive surgery). Culture results were recorded. We
conducted an interrupted time-series analysis using Stata software
(StataCorp, College Station, TX) to determine the impact of adding
prophylactic metronidazole on complex and all-depth abdominal
hysterectomy SSI rates. Other prevention activities already in place
included providing surgeons with individualized SSI data on a
regular basis and real-time performance feedback as needed, as
well as auditing compliance with preoperative chlorhexidine
bathing.

Results

From January 2015 through September 2019, 3005 abdominal hys-
terectomies were performed at UIHC. We observed a significant
decrease in the complex SSI rate from 1.5% (24 of 1,638) before
to 0.6% (8 of 1,367) after adding prophylactic metronidazole
(P= .01) (Fig. 1). We detected a nonsignificant decrease in the
all-depth SSI rate from 3.2% (52 of 1,638) before to 1.6% (22 of
1,367) after the change in prophylaxis (P= .73). The proportion
of open hysterectomies decreased from 59% to 33%, andminimally
invasive hysterectomies increased proportionately during the
study period. SSI rates decreased from 3.6% to 2.3% with open sur-
gical approaches and from 2.4% to 0.8% with minimally invasive
surgery (Table 1).

Pathogens were identified for 25 patients. The most common
pathogen was Bacteroides spp (40%), followed by Escherichia coli
(24%). After adding metronidazole, the proportion of positive cul-
tures with anaerobes decreased from 82% to 50% among complex
SSIs and from 59% to 25% among all depth SSIs.

Discussion

We compared the incidence of SSIs before and after adding anaero-
bic coverage to antimicrobial prophylaxis for abdominal hysterec-
tomy. The addition of metronidazole was associated with a
decrease in the abdominal hysterectomy complex SSI rate.

Postoperative infection remains one of the most common com-
plications of surgical procedures in gynecology. The development
of SSIs results in great patient morbidity.4 Current antimicrobial

prophylaxis guidelines recommend the use of cefazolin, cefotetan,
cefoxitin, or ampicillin/sulbactam as a single agent before vaginal
or abdominal hysterectomy.5 The American College of
Obstetricians and Gynecologists also recommends cefazolin.6

The widespread implementation of antibiotic prophylaxis prior
to surgery, and the recognition of modifiable risk factors, has
led to a reduction in SSIs in recent years. According to NHSN
data for 2006 to 2008, the incidence of all-depth SSIs after abdomi-
nal hysterectomy was 2.7%.7 A more recent study from the
Michigan Surgical Quality Collaboration cohort demonstrated
an all-depth SSI rate of ~2.0%.8,9 Uppal et al9 revealed that the
SSI rate was 1.8% with prophylaxis with a β-lactam, compared
to 3.1%with β-lactam alternatives and 3.7%with nonstandard pro-
phylaxis.9 The rate of SSI at our institution decreased from 3.2% to
1.6% after adding metronidazole to cefazolin for SSI prevention. A
recent large retrospective study with 18,255 hysterectomies by Till
et al3 demonstrated that the risk of SSI was lower, at 1.4%, for
patients who received cefazolin and metronidazole, compared to
1.8% with cefazolin alone, and this rate was 2.1% with a second-
generation cephalosporin. Currently, no published prospective
studies comparing cefazolin and metronidazole to cefazolin alone
are available.

Cefazolin, a first-generation cephalosporin, is the most widely
used preoperative antibiotic. However, organisms isolated
from SSIs after abdominal hysterectomy include anaerobic
vaginal flora, most commonly Bacteroides spp, Prevotella spp,
Peptostreptococcus spp, and Gardnerella spp.10 In our study, the
most common organisms were Bacteroides spp. Although anaero-
bic coverage is recommended as prophylaxis for colorectal surgery,11

Table 1. Surgical Site Infection Rates and Standardized Infection Ratios Before
and After the Addition of Metronidazole Stratified by Surgical Approach,
University of Iowa Hospitals and Clinics, 2015–2019

Type of Infection

Cefazolin Only
1/1/2015 to
10/31/2017

Cefazolin þ
Metronidazole
11/1/2017 to
9/30/2019

Open MIS Open MIS

SSI, % 3.6 2.4 2.3 0.8

SIR 1.8 2.2 1.5 0.6

Note. SSI, surgical site infection, SIR, standardized infection ratios; MIS, minimally invasive
surgery.

Fig. 1. Complex surgical site infections after abdominal hysterectomy, University of
Iowa Hospitals and Clinics, 2015–2019.
Abbreviations: m, month.
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its role has not been proven for abdominal hysterectomy. Some insti-
tutions have shifted to using second-generation cephalosporins to
improve anaerobic coverage. However, resistance of Bacteroides
spp to second-generation cephalosporins is 15%–25%.12 Our study
showed similar results to Till et al3 in complex SSIs. Although all-
depth SSI rates trended downward compared to before the imple-
mentation of metronidazole, the difference was not statistically sig-
nificant at our institution. The lack of difference in all-depth SSI
after the addition ofmetronidazolemight be becausemicroorganisms
associated with superficial infections do not typically include anaer-
obes. However, given that deep infections are more serious than
superficial infections, the impact of addingmetronidazole to cefazolin
is promising and should be further investigated.

This study has several imitations. It was conducted at a single
center and the results may not be generalizable to other institu-
tions. We did not compare differences in baseline characteristics.
Comorbidities such as malignancy, obesity, and diabetes mellitus
might have affected the development of SSI. However, we calcu-
lated the standardized infection ratios according to the NHSN
guidelines, which account for such potential confounders, and
we were still able to show a decrease in SIRs (Table 1). We only
investigated the association between prophylaxis and SSI rates;
we did not evaluate postoperative course or mortality. The reduc-
tion could have been affected due to the change of procedure
approaches over the study period. However, the SSI rates decreased
for both surgical approaches. Other SSI prevention activities
already ongoing might have affected the reduction. Finally, change
of surgeons over the study period could have affected the SSI rate.

In conclusion, hospitals should assess the microbiology of
abdominal hysterectomy SSIs and could consider adding metroni-
dazole to their antimicrobial prophylaxis if the rate of anaerobic
infections is high.
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