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by that time. For the first visit, CT scan was not indi-
cated because the diagnosis was obtained otherwise 
(positive PCR), and the patient had no criteria for ad-
mission; at the second visit, there was no indication 
to repeat PCR because it would have had no effect 
on the diagnosis or the management of the patient, 
and access to these tests was restricted. Second, the 
optimal dosing of hydroxychloroquine has not been 
defined for COVID-19; recent reports have suggested 
that target plasma concentrations should be 1–2 µg/
mL in this population, based on chloroquine or hy-
droxychloroquine concentrations required to observe 
the virustatic effect in vitro and in silico (0.3–2.1 µg/
mL) and toxic concentrations in humans (starting 
from 2 µg/mL) (1,5). Thus, the hydroxychloroquine 
plasma therapeutic range for autoimmune diseases 
may not be appropriate for the treatment of CO-
VID-19: a dosage of 400 mg twice daily for 1 day, 
followed by 200 mg twice daily for another 4 days, 
has been recommended based on pharmacokinetic/
pharmacodynamic data (1). Third, plasma concentra-
tion within the therapeutic range does not ensure that 
therapeutic concentrations are obtained in the lungs, 
the primary target for SARS-CoV-2.

Previous studies on hydroxychloroquine use 
during COVID-19 have found contradictory results, 
but they were all limited by small sample size, het-
erogenous hydroxychloroquine dosages, no or lim-
ited therapeutic drug monitoring, or methodological 
flaws (6). Ongoing randomized trials should resolve 
the ongoing controversy.
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Rabies is typically fatal to unvaccinated patients; 
however, the prompt administration of postexpo-

sure prophylaxis (PEP) can prevent disease onset (1). 

Administration of rabies postexposure prophylaxis (PEP) 
is expensive and time-consuming. In suburban Cook 
County, Illinois, USA, administration of 55.5% of PEP 
treatments did not follow Advisory Committee on Immu-
nization Practices guidelines. Health department con-
sultation lowered the odds of inappropriate PEP admin-
istration by 87%. Providers should consult their health 
department before prescribing PEP.
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When a patient is exposed to a potentially rabid ani-
mal, that patient’s physician must determine whether 
administration of PEP is prudent. The Advisory Com-
mittee on Immunization Practices (ACIP) publishes 
guidelines indicating when physicians should admin-
ister PEP (1,2). Lack of adherence to these guidelines 
might result in unnecessary costs and medical risks 
(e.g., injection site reactions, systemic hypersensitiv-
ity reactions) (1,3). In the United States, a full course 
of PEP (usually 4 vaccine doses and 1 immunoglobu-
lin dose [2]) costs $3,800 on average (4). In Illinois, the 
patient, their insurance provider, or both pay for PEP. 
Illinois physicians must report PEP initiation to local 
public health departments (5). 

We retrospectively evaluated patients who re-
ceived PEP in suburban Cook County, Illinois, during 
2015–2018 and were reported to the Cook County De-
partment of Public Health (CCDPH). Although Chi-
cago is in Cook County, it has its own health depart-
ment and was therefore not included in this study. 
We used a multivariable logit link generalized esti-
mating equation model (6) to evaluate predictors of 
inappropriate PEP administration according to ACIP 
guidelines. We analyzed factors such as patient age, 
patient sex, area of residence, exposing animal spe-
cies, and whether a state or local health department 
was consulted before PEP initiation. We controlled for 

clustering by exposure incident (i.e., multiple persons 
exposed to the same animal) by using robust variance 
estimators and assuming an independent correlation 
structure. We conducted statistical analyses in R ver-
sion 3.5.3 (7) and ran models using geepack version 
1.2–1 (6). Because the purpose of this study was to 
evaluate and inform public health practices, it was 
not considered human subjects research by the Cook 
County Health Office of Research and Regulatory Af-
fairs and was exempt from institutional board review.

During 2015–2018, a total of 656 residents initi-
ated PEP. We excluded 45 cases because of missing 
data; these cases were proportionally distributed in 
time and geographic area. Of the 611 patients, 339 
(55.5%) did not meet ACIP guidelines for potential ra-
bies exposures (Table), a proportion that aligns with 
previously reported ranges in other US jurisdictions 
(8). The 5 most common reasons for inappropriate 
PEP administration: 1) the patient had a bat in their 
home but no known contact with the bat and the pa-
tient did not wake to the bat in their room (187 per-
sons); 2) PEP was given after a provoked bite from 
a dog or cat with no signs of rabies (85 persons); 3) 
the animal involved was available for confinement or 
testing (18 persons); 4) the patient had no known ani-
mal contact (17 persons); and 5) the animal involved 
tested negative for rabies (16 persons).

 
Table. PEP recipients and factors associated with inappropriate administration of PEP, suburban Cook County, IL, 2015–2018* 

Variable 
Total, no. (%),  

n = 611 

Exposure met ACIP guidelines for PEP 
administration, no. (%) Unadjusted GEE model† 

OR (95% CI) 
Adjusted GEE model‡ 

aOR (95% CI) Yes, n = 272 No, n = 339 
District§      
 North 309 (50.6) 125 (45.9) 184 (54.3) Referent Referent 
 West 131 (21.4) 54 (19.9) 77 (22.7) 0.97 (0.52–1.80) 0.76 (0.39–1.47) 
 Southwest 82 (13.4) 47 (17.3) 35 (10.3) 0.51 (0.27–0.94) 0.41 (0.20–0.83) 
 South 89 (14.6) 46 (16.9) 43 (12.7) 0.64 (0.35–1.15) 0.52 (0.27–0.98) 
Age, y      
 0–5 47 (7.7) 24 (8.8) 23 (6.8) 0.84 (0.44–1.62) 0.74 (0.36–1.50) 
 6–17 170 (27.8) 64 (23.5) 106 (31.3) 1.46 (0.92–2.32) 1.49 (0.90–2.45) 
 18–25 50 (8.2) 23 (8.5) 27 (8.0) 1.03 (0.55–1.94) 1.20 (0.53–2.72) 
 >26 344 (56.3) 161 (59.2) 183 (54.0) Referent Referent 
Sex      
 F 317 (51.9) 131 (48.2) 186 (54.9) Referent Referent 
 M 294 (48.1) 141 (51.8) 153 (45.1) 0.76 (0.53–1.10) 0.77 (0.51–1.15) 
Exposing animal      
 Bat 393 (64.3) 181 (66.5) 212 (62.5) Referent Referent 
 Cat 35 (5.7) 6 (2.2) 29 (8.6) 4.13 (1.62–10.50) 4.15 (1.49–11.60) 
 Dog 111 (18.2) 39 (14.3) 72 (21.2) 1.58 (0.91–2.72) 2.05 (1.07–3.96) 
 Raccoon 31 (5.1) 26 (9.6) 5 (1.5) 0.16 (0.06–0.45) 0.19 (0.06–0.57) 
 Other 41 (6.7) 20 (7.4) 21 (6.2) 0.90 (0.45–1.79) 0.93 (0.43–2.01) 
HD consult¶      
 Yes 183 (30.0) 138 (50.7) 45 (13.3) 0.15 (0.09–0.23) 0.13 (0.08–0.22) 
 No 428 (70.0) 134 (49.3) 294 (86.7) Referent Referent 
*ACIP, Advisory Committee on Immunization Practices; aOR, adjusted odds ratio; GEE, generalized estimating equation; HD, health department; PEP, 
rabies postexposure prophylaxis; OR, odds ratio. 
†Bivariate GEE model for PEP inappropriateness as a function of the given categorical variable. 
‡Multivariable GEE model for PEP inappropriateness as a function of all the predictors included in the table. 
§Suburban Cook County residential district of patient’s home address. 
¶Whether healthcare provider contacted a state or local health department to discuss appropriateness of PEP. 
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The results of the generalized estimating equa-
tion model showed that provider consultation with 
the health department, species of the exposing ani-
mal, and patient area of residence were factors as-
sociated with appropriate administration of PEP 
(Table). The most protective factor against inappro-
priate PEP administration was a health department 
consultation, a service CCDPH offers free of charge 
24 hours a day, 7 days a week. After adjusting for 
patient age, sex, area of residence, and exposing 
animal, we found patients who received PEP were 
87% less likely to have received inappropriate treat-
ment if their healthcare provider consulted a health 
department (adjusted odds ratio [aOR] 0.13, 95% 
CI 0.08–0.22). Because 428 patients (70.0%) received 
PEP without health department consultation, this 
service could be used to reduce the unnecessary ad-
ministration of PEP.

Certain animal species were also associated with 
inappropriate PEP administration. We found greater 
odds of inappropriate PEP administration associated 
with exposure to dogs (aOR 2.05, 95% CI 1.07–3.96) 
and cats (aOR 4.15, 95% CI 1.49–11.60) than bats. 
Exposure to raccoons was associated with reduced 
odds of inappropriate PEP administration (aOR 0.19, 
95% CI 0.06–0.57) (Table). The reason for this pattern 
might be that ACIP guidelines are more complicated 
for domestic than wild animal exposures (e.g., deter-
mining whether a bite was provoked). Health depart-
ments can assist providers with these determinations 
before initiating PEP.

Patient residential district was associated with in-
appropriate PEP administration, whereas patient age 
and sex were not (Table). This finding suggests addi-
tional local factors might exist, such as differences in 
wealth, cost-aversion, or rabies awareness, for which 
we did not control in our estimates.

PEP is an expensive and time-consuming treat-
ment. Although clinicians should encourage PEP 
for patients with potential exposures to rabies, they 
should avoid it when risk for rabies does not exist (1). 
Health departments around the United States follow 
the ACIP guidelines for recommending PEP (1,2) and 
have unique knowledge of their local rabies epide-
miology. Providers should consider the benefits and 
risks of PEP and consult their health department be-
fore prescribing PEP.
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