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Background: Accurate and timely prescriptions of COVID-19 
therapeutics, laboratory testing, and antimicrobial stewardship 
have been a challenge throughout the pandemic as new 
evidence emerges. While universal consultation with infectious 
disease specialists on patients admitted with COVID-19 is 
desirable, it is not always feasible due to limited resources. 
Observations: In this single-center study, we implemented a 
combined educational and laboratory stewardship intervention 
geared toward hospitalist practitioners resulting in improved 
accuracy of remdesivir and dexamethasone prescriptions, 

reduced laboratory use of blood cultures, interleukin 6 assay, 
and Legionella sputum cultures, and a decrease in antibiotic 
use for patients with mild-to-moderate oxygen requirements 
over 6 months. These improvements were seen in tandem with 
decreased reliance on infectious disease consultation. 
Conclusions: These efforts support proof of the principle 
of combined educational and laboratory stewardship 
interventions to improve the care of COVID-19 patients, 
especially where infectious disease consultation may not be 
available or is accessed remotely.
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Throughout the COVID-19 pandemic, 
health care professionals (HCPs), 
including emergency medicine phy-

sicians and hospitalists, have been continu-
ously challenged to maintain an up-to-date 
clinical practice on COVID-19 therapeu-
tics as new evidence emerged.1,2 In the early 
part of the pandemic, these included not 
only appropriate and time-sensitive pre-
scriptions of COVID-19 therapeutics, such 
as remdesivir and dexamethasone, but also 
judicious use of empiric antibiotics given 
the low prevalence for bacterial coinfec-
tion in early disease.3-6 Alongside this, curb-
ing the excessive laboratory testing of these 
patients during the pandemic was impor-
tant not only to minimize costs but also to 
reduce potential iatrogenic harm and ex-
tended length of stay (LOS).7

At the beginning of the pandemic in 
March 2020 at the US Department of Vet-
erans Affairs (VA) North Texas Health 
Care System (VANTHCS) Dallas VA Medi-
cal Center (DVAMC), we attempted to pro-
vide therapeutic guidance for physicians 
primarily through direct infectious dis-
ease (ID) consultation (in-person or elec-
tronic).8 This was secondarily supported 
by a pharmacist and ID physician–curated 
“living guidance” document on COVID-
19 care accessible to all physicians through 
the DVAMC electronic health record (EHR) 
and intranet. 

As the alpha variant (lineage B.1.1.7) 
of COVID-19 began spreading throughout 
North Texas in the winter of 2020, we im-
plemented a targeted educational interven-
tion toward the hospitalist group taking care 
of patients with COVID-19 with the primary 
goal of improving the accuracy of COVID-19 
therapeutics while minimizing the consul-
tative burden on ID clinical and pharmacy 
staff. This initiative consisted of (1) proac-
tive guideline dissemination through email 
and text messages; (2) virtual didactics; and 
(3) physician reminders during the consul-
tation process. Our ultimate aims were to 
improve hospitalist-led appropriate prescrip-
tions of remdesivir and dexamethasone, re-
ducing empiric antibiotic days of therapy in 
patients with COVID-19 at low risk of bac-
terial coinfection, and reducing laboratory 
orders that were not indicated for the man-
agement of these patients. Following this 
intervention and the resolution of the sec-
ond wave, we retrospectively assessed the 
temporal trends of COVID-19 practices by 
hospitalists and associated patterns of ID 
consultation in the DVAMC from October 1, 
2020, to March 31, 2021. 

METHODS
The educational intervention was carried out 
at the DVAMC, a 1A high complex facility 
with more than 200 inpatient beds and part 
of the VANTHCS. During the study period, 
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patients admitted with COVID-19 were lo-
cated either on a closed floor (managed by 
the hospitalist team) or in a closed inten-
sive care unit (ICU) (managed by the pul-
monary/critical care team) contingent on the 
level of care or oxygen supplementation re-
quired. ID and other subspecialties provided 
consultation services as requested by hospi-
talists or ICU teams either electronically or 
in person. During the study period, 66 hos-
pitalists were involved in the care of the pa-
tients: 59 (89.5%) permanent staff, 4 (6.0%) 
fee-basis physicians, and 3 (4.5%) moon-
lighting fellows.

Educational Initiative
We delivered educational sessions to the 
hospitalists, using collaboration software 
with video meeting capability every 1 to 
2 months beginning in December 2020. 
An additional session focused on reduc-
ing empiric antibiotic prescriptions was 
also delivered to the emergency medicine 
department, based on feedback from the 
hospitalist group. The content for the edu-
cational sessions came from informal sur-
veys of both ID trainees assigned to the 
consultation service and hospitalists, cov-
ering the following topics: understanding 
the stages of COVID-19 illness (virologic 
replication vs inflammatory) and rationales 
for therapy; assessing disease severity; in-
dications and use of remdesivir; indications 
and use of dexamethasone; assessing for 
bacterial coinfections; when an ID consul-
tation is required; management algorithm 
for COVID-19; and locating guidelines on 
the intranet. About 15 to 20 physicians 
participated in each session. In addition, 
slides of these didactics and updated in-
stitutional COVID-19 guidelines were dis-
seminated to the hospitalist group via email 
and text messaging. We also linked the in-
tranet institution guidelines in our commu-
nication, including a revised user-friendly 
flowchart (eAppendix, available online at 
doi:10.12788/fp.0370).

Laboratory Stewardship Initiative
Laboratory stewardship initiatives were 
implemented by modifying suggested or-
ders on the admission of patients with 
COVID-19 and directly educating hospital-
ist and emergency medicine physicians on 

evidence-based laboratory orders. At the 
beginning of the pandemic, a broad admis-
sion order set was established at DVAMC, 
based on the then limited knowledge of the 
course of infection with COVID-19. This 
order set allowed the admitting physicians 
to efficiently order laboratory tests for pa-
tients, especially during the demanding in-
crease in patient volume experienced by 
DVAMC. 

As new evidence emerged during the pan-
demic, many of the laboratory orders were 
reviewed for clinical utility during care for 
the patient with COVID-19 per the latest 
guidance. In December 2020, the admission 
orders for patients with COVID-19 were re-
vised to reflect better laboratory stewardship 
to reduce cost and harm. The ID section re-
vised the laboratory orders and disseminated 
the new order set to admitting physicians. 
Specifically, the admission order set removed 
the following laboratory tests available for 
selection: routine blood cultures, interleu-
kin 6 (IL-6) level, and Legionella sputum cul-
ture. These laboratory orders were removed 
based on the lack of supporting evidence in 
persons admitted with COVID-19.9 In addi-
tion to modification of the admission order 
set, educational sessions were held with hos-
pitalists to disseminate knowledge of the new 
changes and address any concerns.

Observations of Care 
This study was approved by the VANTHCS 
Institutional Review Board (protocol code 
20-047). Records were retrospectively re-
viewed for patients admitted to DVAMC 
for COVID-19 under hospitalist care (pa-
tients admitted directly to the ICU were ex-
cluded) from October 1, 2020, to March 31, 
2021. Age, sex, race and ethnicity, and co-
morbidities were collected from the EHR. 
In addition clinical measures such as max-
imum oxygen requirement during admis-
sion (none, nasal cannula of 2-4 L/min, 
high flow/bilevel positive airway pressure 
[BiPAP] or mechanical ventilation), proven 
presence of coinfection (defined as the iso-
lation of a probable pathogen in pure cul-
ture and/or clinically determined by ID 
specialist evaluation), and the average LOS 
also were collected. For laboratory steward-
ship data, a retrospective chart review was 
conducted to determine the total number of 
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blood cultures obtained within 24 hours of 
admission per month during the study pe-
riod. Both IL-6 levels and Legionella spu-
tum culture data were collected as the total 
number of laboratory orders per month, as 
it was assumed that most of these orders 
were obtained for patients admitted with 
COVID-19.

Individual patient-level data were ex-
tracted to calculate monthly percentages of 
ID consultations for COVID-19 by the hos-
pitalist team, adherence to institutional 
guidelines for dexamethasone and remde-
sivir prescriptions, and empiric antibiotic 
prescriptions for patients with COVID-19, 
including use of a priori adjudication crite-
ria to determine justified vs unjustified em-
piric use. These criteria included asymmetric 
chest X-ray infiltrates concerning for bacte-
rial pneumonia; peripheral white blood cell 
count > 11 K/μL; critical respiratory failure 

in the emergency department (ED) and being 
transferred to the ICU; and ID consultation 
recommended. Because the total number of 
antibiotics was not being analyzed but rather 
just the use of antibiotics for the justified and 
unjustified groups, antibiotic days were re-
ported as the length of therapy (LOT).10 A 
subset analysis was performed on antibiotic 
prescriptions by the hospitalist group focus-
ing on those with mild-to-moderate oxygen 
requirements (no high flow, noninvasive or 
invasive ventilatory methods) and excluding 
infections with a proven microbiologic entity. 

Differences in demographic and clinical 
characteristics of patients with COVID-19 ad-
mitted from October 1, 2020, to March 31, 
2021, were assessed using ANOVA, χ2, and 
Kruskal-Wallis test. χ2 was used to compare 
the difference in total laboratory orders for rou-
tine blood cultures, IL-6 levels, and Legionella 
sputum cultures between pre-intervention 

TABLE 1 Characteristics of Patients Admitted With COVID-19 (N = 565)

Variables

October 
2020  

(n = 74)

November 
2020  

(n = 92)

December 
2020  

(n = 145)

January 
2021  

(n = 163)

February 
2021  

(n = 68)

March 
2021  

(n = 23) P valuea

Age, mean (SD), y 65.6 (13.0) 65.3 (13.9) 65.3 (13.7) 66.8 (14.1) 67.5 (14.5) 61.8 (15.9) .55

Male sex, No. (%) 70 (94.6) 85 (92.4) 134 (92.4) 148 (90.8) 66 (97.1) 19 (82.6) .28

Race and ethnicity, No. (%)
  African American
  White, Hispanic
  White, non-Hispanic

43 (58.1)
4 (5.4)

27 (36.5)

36 (39.1)
13 (14.1)
43 (46.7)

71 (49.0)
16 (11.0)
58 (40.0)

78 (47.9)
8 (4.9)

77 (47.2)

27 (39.7)
17 (25.0)
24 (35.3)

11 (47.8)
2 (8.7)

10 (43.5)

< .01

Comorbidities, No. (%)
  Hypertension
  Diabetes mellitus
  Chronic kidney disease
  Cirrhosis
  Cancer
  Congestive heart failure
  COPD
  Obesity

39 (52.7)
28 (37.8)
12 (16.2)
2 (2.7)

8 (10.8)
9 (12.2)
9 (12.2)

30 (40.5)

51 (55.4)
31 (33.7)
9 (9.8)
0 (0)

10 (10.9)
11 (12.0)
8 (8.7)

40 (43.5)

98 (67.6)
65 (44.8)
28 (19.3)

7 (4.8)
15 (10.3)
20 (13.8)
13 (9.0)
64 (44.1)

88 (54.0)
60 (36.8)
21 (12.9)

3 (1.8)
23 (14.1)
12 (7.4)
16 (9.8)
66 (40.5)

39 (57.4)
21 (30.9)
11 (16.2)

1 (1.5)
16 (23.5)
7 (10.3)
5 (7.4)

15 (22.1)

13 (56.5)
3 (13.0)
6 (26.1)

0 (0)
1 (4.4)
1 (4.4)
3 (13.0)
14 (60.9)

.18

.05

.92

.46

.24

.20

.08

.01

Maximum O2 need during admission, No. (%) .08
  None
  Nasal cannula (2-4 L)
  High flow/BiPAP
  Ventilated

30 (40.5)
25 (33.8)
13 (17.6)
6 (8.1)

39 (42.4)
43 (46.7)
6 (6.5)
4 (4.4)

59 (40.7)
50 (34.5)
21 (14.5)
15 (10.3)

84 (51.5)
58 (35.6)
10 (6.1)
11 (6.8)

33 (48.5)
25 (36.8)

5 (7.3)
 5 (7.3)

14 (60.9)
6 (26.1)

0 (0)
3 (13.0)

Coinfection, No. (%)b    18 (24.3)       8 (8.7)      33 (22.7)     28 (17.2)     11 (16.2)    5 (21.7)      .08

Length of stay, mean (SD), d   16.3 (17.8)    10.6 (9.8)     12.5 (14.5)    11.8 (18.3)     8.7 (7.8)    9.7 (13.0)      .02

Abbreviations: ANOVA, analysis of variance; COPD, chronic obstructive pulmonary disorder; BiPAP, bilevel positive airway pressure.
aP values determined by ANOVA (mean age), χ2 (sex, race and ethnicity, comorbidities, and presence of coinfections), and Kruskal-Wallis test 
(maximum O2 need during admission).
bDetermined by isolation of pathogen in microbiologic culture and/or clinically determined by infectious disease specialist evaluation.
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(October to December 2020) and postinter-
vention (January to March 2021). These pre- 
and postintervention periods were determined 
based on the timing of revised admission or-
ders in the EHR and initiation of focused 
educational sessions starting in late Decem-
ber 2020 and early January 2021. Linear re-
gressions were used to examine the possible 
6-month trend of the percentage of patients 
receiving ID consultation for appropriate 
dexamethasone prescriptions, appropriate rem-
desivir prescriptions, appropriate antibiotic co-
administration, and mean number of antibiotic 
days per patient. Linear and logistic regression 
were also used to assess the trend in LOS over 
the 6 months while adjusting for age, race and 
ethnicity, sex, and coinfections. All analyses 
were performed using SAS 9.4. Statistical sig-
nificance was defined as P < .05.

RESULTS 
From October 1, 2020, to March 31, 2021, 
there were 565 admissions for COVID-
19, which peaked in January 2021 with 
163. Analysis of the patient characteris-
tics showed no statistically significant dif-

ference for age, sex, oxygen requirements 
during admission, or proven presence of 
coinfection between the months of interest 
(Table 1). There were no significant dif-
ferences in comorbidities when compar-
ing monthly patient admissions aside from 
obesity (P = .01). Significant differences 
in race and ethnicity (P < .01) were also 
noted between the monthly results.

The number of blood cultures obtained in 
the first 24 hours of admission significantly 
decreased from 58.1% of admissions in Oc-
tober 2020 to 34.8% of admissions in March 
2021 (P < .01) (Table 2). A similar trend 
was observed in the orders for both IL-6 
levels and Legionella sputum cultures. Or-
ders for IL-6 and Legionella sputum cultures 
peaked pre-intervention (October 2020) 
and dropped to 0% postintervention (March 
2021) (both P < .01). 

We observed trends that coincided with 
the educational efforts. The rate of dexa-
methasone and remdesivir prescriptions  
for eligible patients that followed guidelines 
without ID consultation grew from 0% to 
22.2% (P < .01) and 0% to 16.7% (P = .01), 

TABLE 2 Changes in Practice During Study Period

Patients with COVID-19

October 
2020  

(n = 74)

November 
2020  

(n = 92)

December 
2020 

(n = 145)

January 
2021 

(n = 163)

February 
2021 

(n = 68)

March 
2021 

(n = 23) P value

IDC placed, No. (%)a 64 (86.5) 74 (80.4) 111 (76.5) 94 (57.7) 39 (57.3) 13 (56.5) < .01

Laboratory orders in first 24 h, No. (%)
  Blood cultures
  Interleukin 6
  Legionella sputum cultures

43 (58.1)
31 (41.8)
14 (18.9)

51 (55.4)
34 (36.9)
18 (19.5)

70 (48.2)
46 (31.7)
14 (9.6)

57 (34.9)
2 (1.2)
0 (0.0)

24 (35.2)
2 (2.9)
0 (0.0)

8 (34.8)
0 (0.0)
0 (0.0)

< .01
< .01
< .01

Dexamethsone eligible patients, No.
  Correctly prescribed without IDC, No. (%)b

42
0 (0.0)

50
2 (4.0)

81
4 (4.9)

74
8 (10.8)

34
7 (20.6)

9
2 (22.2) < .01

Remdesivir eligible patients, No.
  Correctly prescribed without IDC, No. (%)b

26
0 (0)

32
0 (0)

50
1 (2.0)

61
7 (11.5)

27
6 (22.2)

6
1 (16.7)

.01

Patients receving antibiotics, No.c

Unjustified antibiotic use, No. (%)d

  Emergency department–initiated 
  Hospital ward–initiated

52
19 (36.5)
14 (26.9)
5 (9.6)

68
41 (60.3)
34 (50.0)
7 (10.3)

88
45 (51.1)
36 (40.9)
9 (10.2)

80
46 (57.5)
38 (47.5)
8 (10.0)

33
15 (45.4)
11 (33.3)
4 (12.1)

13
5 (38.5)
4 (30.8)
1 (7.7)

.77

.79

.75

Antibiotic therapy length, mean, de 3.0 2.4 1.5 1.1 0.9 0.9 < .01

Abbreviation: IDC, infectious disease consultation.
aInfectious disease consulted at any time during admission.
bDetermined by pharmacist-generated curated guidance document.
cPatients included if receiving empiric antibiotics with no or mild/moderate oxygen use only after excluding for presence of proven coinfection.
dJustified antibiotic use determined by use of (a) asymmetric chest X-ray infiltrates concerning for bacterial pneumonia; (b) peripheral white blood cell count 
> 11 K/μL; (c) critical respiratory failure in the emergency department and transfer to intensive care unit; or (d) IDC recommended.
eCalendar days patient received any antibiotic therapy.
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respectively. The remaining correct pre-
scriptions for dexamethasone or remdesivir 
were instituted only after ID consultation. 
These improvements were seen in tandem 
with decreased reliance on ID consulta-
tion for admitted patients with COVID-19 
overall (86.5% in October 2020 to 56.5% in 
March 2021; P < .01). 

After applying a priori justified antibi-
otic use criteria, we found that the overall 
degree of empiric unjustified antibiotic use 
remained high for patients admitted with 
COVID-19 (36.5%-60.3%) and was largely 
driven by prescriptions from the ED. How-
ever, further analysis revealed a statistically 
significant decrease in empiric antibiotic 
LOT per patient during the study period 
from 3.0 days in October 2020 to 0.9 days 
in March 2021 (P < .01). In addition, there 
was a statistically significant change in the 
mean (SD) LOS, which decreased from 
16.3 (17.8) days in October 2020 to 9.7 
(13.0) days in March 2021 (P = .02). 

DISCUSSION
As the COVID-19 pandemic has evolved, 
the ability to enact up-to-date guidance is 
crucial to streamlining patient care, improv-
ing time to COVID-19–specific therapies, 
and minimizing the burden on subspecialty 
consultation services. At DVAMC, we ini-
tiated a targeted and deliberate educational 
effort directed toward hospitalist and ED 
groups combined with a laboratory stew-
ardship effort over 6 months to improve the 
implementation of COVID-19 therapeutics, 
reduce empiric antibiotic use without re-
liance on ID consultation services, and re-
duce the number of unnecessary laboratory 
orders for admitted patients with COVID-
19. During this time, we observed modest 
but statistically significant improvements in 
the accuracy of dexamethasone and remde-
sivir prescribing. In addition, we observed 
statistically significant improvement in the 
average LOT per patient regarding antibi-
otic use and overall decreased LOS. These 
improvements were seen in parallel with 
decreasing requests for ID consultation, 
suggesting that they were attributable in 
part to increasing self-confidence and effi-
cacy in COVID-19 practices by the hospi-
talist group. Modification of the COVID-19 
admission order set for our facility resulted 

in substantial decreases in orders for blood 
cultures, IL-6 levels, and sputum cultures 
for Legionella.

ID consultation, either in person or re-
motely, has been instrumental in assisting 
physicians in COVID-19 management and 
has been shown to reduce morbidity, mortal-
ity, and patient LOS in other infections.11,12 
However, in scenarios where ID consultation 
is not available or in limited supply, accessi-
bility, familiarity, and confidence of primary 
practitioners to use therapeutic guidance ma-
terial are integral. Frequent and accessible 
guidance for the management of COVID-19 
has been provided by the National Institutes 
of Health and the Infectious Diseases Society 
of America.13,14 Other mechanisms of assist-
ing physicians in both test ordering and thera-
peutics include clinical decision support tools 
built into the EHR and the use of a smart-
phone digital application.15 Guidance needs 
to be adapted to the context of the facility, in-
cluding available resources and specific re-
strictions and/or prohibitions on therapeutics 
(eg, mandatory ID consultation or approval). 
In our facility, while COVID-19 therapeutic 
living guidance documents were maintained 
and accessible through the intranet, proactive 
dissemination and redirection were important 
steps in enabling the use of these documents.

Limitations
We acknowledge several limitations to this 
study. Most important, the correlations we 
observed do not represent causation. Our 
analysis was not designed to ascertain the 
direct impact of any single or combined 
educational and laboratory stewardship in-
tervention from this study, and we acknowl-
edge that the improvements in part could 
be related to increased experience and con-
fidence with COVID-19 management that 
occurred over time independent of our pro-
grams. Furthermore, we acknowledge that 
several areas of COVID-19 management did 
not improve over time (such as overall em-
piric antibiotic use from the ED) or had very 
modest improvements (hospitalist-initiated 
remdesivir use). These results underscore the 
complex dynamics and contextual barriers to 
rapidly implementing guideline-based care at 
VANTHCS. Potential factors include insuffi-
cient reach to all physicians, variable learner 
motivation, and therapeutic momentum  
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of antibiotic use carried forward from the 
ED.16,17 These factors should be considered 
as grounds for further study. Another limi-
tation was the inability to track viewership 
and engagement of our COVID-19 guidance 
document. Without the use metrics, it is dif-
ficult to know the individual impact of the 
document regarding the changing trends in 
COVID-19 management we observed during 
the study period.

CONCLUSIONS
We report improvements in COVID-19 ther-
apeutic prescriptions and the use of antibi-
otics and laboratory testing over 6 months 
at the DVAMC. This was correlated with a 
deliberate COVID-19 educational initiative 
that included antibiotic and laboratory stew-
ardship interventions with simultaneous de-
creased reliance on ID consultation. These 
efforts lend support to the proof of the prin-
ciple of combined educational and labora-
tory stewardship interventions to improve 
the care of COVID-19 patients, especially 
where ID support may not be available or is 
accessed remotely.
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eAPPENDIX VA Hospitalist COVID-19 Management Algorithma

Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; CBC, complete blood count; CMP, comprehensive metabolic panel; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HFNC, 
high-flow nasal cannula; ICU, intensive care unit; ID, infectious disease; INR, international normalized ratio; LDH, lactate dehydrogenase; LFT, liver function test; NIV, noninvasive ventilation; PT, prothrombin time. 
aThis algorithm is for hospitalized patients under the care of the hospitalist group practitioners and do NOT require ICU care (intubation, pressors, etc).
b�Typical clinical presentation when to start antibiotics includes (a) leukocytosis, tachycardia, hypotensive, febrile; (b) chest X-ray suggestive of lobar pneumonia; (c) elevated procalcitonin; or (d) patient has new-onset 
decompensation concerning for infection after improvement. 

cIf contraindication to dexamethasone (eg, uncontrolled diabetic ketoacidosis, uncontrolled bacterial/fungal infection), consider ID consultation for baricitinib.


