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Effectiveness of Antibiotic Regimens in Reducing White
Blood Cell Count Within Three to Five Days in Febrile
Leukocytosis Treated With Ambulatory Therapy
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Abstract

Background: In the absence of sepsis, patients with fever and leu-
kocytosis in the emergency department (ED) are often treated with
ambulatory parenteral antibiotics at the physician’s discretion. Identi-
fying effective regimens for reducing white blood cell (WBC) count
and improving clinical outcomes may support standardized ED care.

Methods: This retrospective cohort included adult ED patients with
fever and leukocytosis, but without sepsis, in whom basic investiga-
tion revealed no clear source of infection. Patients received one of
three regimens: (A) single-day intravenous (IV) ceftriaxone followed
by oral cefixime, (B) 3-day IV ceftriaxone followed by oral cefixime,
or (C) 3-day IV ceftriaxone plus oral doxycycline from day 1. Demo-
graphics, baseline data, and laboratory results were collected. Fol-
low-up assessments included WBC count and clinical improvement.
Treatment probabilities were estimated with multinomial logistic
regression, and stabilized inverse probability of treatment weighting
(IPTW) were applied in weighted quantile regression.

Results: Among 250 patients, most were female (63.2%) with a mean
age of 49 years. After adjustment, regimen C showed a median WBC
reduction of -6.9 x 103 cells/mm? (95% confidence interval (CI): -7.5
to -6.3), compared with -6.8 x 103 (95% CI: -7.2 to -6.5) for regimen
B and -6.6 x 103 (95% CI: -7.0 to -6.2) for regimen A. Differences
were not significant (Wald test, P =0.484), but graphical analysis sug-
gested the steepest decline with regimen C.
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Conclusion: Though regimen C showed the steepest WBC decline
and fewer failures, the study was markedly underpowered (< 10%).
Larger multicenter studies are required to confirm these findings.
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Introduction

Fever with leukocytosis is a common presentation in the emer-
gency department (ED), with a prevalence of approximately
10.1% based on retrospective data from Lampang Hospital,
whereas the prevalence of sepsis in the ED, when calculated
using all chief complaints as the denominator, has been re-
ported at 0.89% [1]. All patients diagnosed with sepsis were
admitted. In those without sepsis, a focused initial evalua-
tion, including vital signs, history, and physical examination,
was crucial to identify the infectious source. Timely, targeted
antibiotic therapy based on the suspected site remains key to
improving clinical outcomes and minimizing antimicrobial re-
sistance.

For the ED setting, the concept was adapted from the
original 1974 work by Rucker and Harrison, which introduced
outpatient parenteral antimicrobial therapy (OPAT) to shorten
hospital stays. They first administered intravenous (IV) anti-
biotics at home for children with cystic fibrosis [2], laying the
groundwork for modern OPAT programs. Currently, OPAT is
commonly used as a continuation of care post-discharge from
inpatient hospitalization, for conditions such as cellulitis, uri-
nary tract infections (UTIs), and pneumonia [3, 4].

There are two main types of OPAT: 1) home-based OPAT,
which requires patient or caregiver education for self-adminis-
tration. This approach is often impractical in developing coun-
tries due to safety concerns; 2) hospital-based (ambulatory)
OPAT, where patients return to the hospital daily for IV anti-
biotics. This safer, more feasible model is commonly used in
Thailand. In most ED cases, treatment duration typically does
not exceed 3 days.

At the ED of Lampang Hospital, febrile patients present-
ing with leukocytosis who undergo initial assessment, compre-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 499
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/jocmr6339&domain=pdf&date_stamp=2025-10-13
https://orcid.org/0009-0001-7827-4445
https://orcid.org/0000-0003-1808-2086
https://orcid.org/0009-0007-2030-9995
https://orcid.org/0000-0002-9846-1491

IV Antibiotics for Fever, Leukocytosis

J Clin Med Res. 2025;17(9):499-506

hensive physical examination, and basic laboratory investiga-
tions, but without an identifiable source of infection, are often
managed with OPAT rather than hospitalization. This approach
is more practical, especially since inpatient investigations also
frequently fail to reveal a definitive pathogen. Therefore, this
study aims to identify the most effective OPAT regimen for
symptom improvement and reduction of white blood cell
(WBC) count.

Materials and Methods

Study design

This therapeutic research employed a retrospective observa-
tional cohort design, conducted at Lampang Hospital, a ter-
tiary care center in Northern Thailand, from January 2012 to
December 2024. The hospital manages approximately 500,000
outpatient visits and about 90,000 emergency visits annually.

Febrile patients with leukocytosis deemed suitable for
OPAT were assigned treatment regimens based on physician
discretion. A follow-up protocol was established for reassess-
ment, including repeat complete blood count and urine analy-
sis (UA), within 3 to 5 days.

Data collected included sex, age, presenting symptoms,
comorbidities, vital signs, focused investigation on the pre-
senting symptoms, initial WBC, and initial polymorphonuclear
neutrophil (PMN) percentage. At follow-up, clinical improve-
ment, appetite, vital signs, UA, WBC, and PMN percentage
were also recorded.

Participant and data collection
Participants

Adult patients (> 18 years) with fever > 37.8 °C measured by
infrared thermometer [5] and leukocytosis (WBC > 11,000
cells/mm?) [6, 7], who had stable vital signs, no suspicion of
sepsis as indicated by a National Early Warning Score (NEWS)
<518, 9], blood lactate <2 mmol/L [10], and were considered
suitable for OPAT were included. Importantly, these patients
underwent basic investigation in the ED, and when no clear
source of infection was identified, they were included in the
study domain. Exclusion criteria included development of
sepsis during ED or emergency department observation unit
(EDOU) stay, inability to complete follow-up evaluation, ab-
sence of follow-up blood tests, immunocompromised status, or
known allergy to ceftriaxone or doxycycline.

Determinant (Xs): Lampang Hospital’s ED OPAT protocol

Patients suitable for OPAT were identified only if they passed
all five components of the rapid triage “Sick or Not Sick” as-
sessment [11]: 1) visual cues, 2) vital signs, 3) risk factors,
4) good appetite, and 5) ability to ambulate without difficulty,

ensuring that only patients in genuinely good condition were
prescribed OPAT. Three main regimens were available for
ambulatory OPAT (A) single-day IV ceftriaxone followed by
oral cefixime; (B) 3-day course of IV ceftriaxone followed by
oral cefixime; or (C) 3-day course of IV ceftriaxone plus oral
doxycycline initiated on day 1. Regimen selection was based
on physician preference, patient age, initial WBC count, PMN
percentage, and individual risk factors. The study was purely
observational, with no intervention by investigator.

Endpoints

The primary endpoint was WBC reduction, calculated as fol-
low-up WBC minus pre-treatment WBC. A negative value in-
dicated a reduction in WBC, whereas a positive value reflected
an increase. WBC reduction per day was not calculated, as the
primary clinical interest at follow-up was the absolute change
from baseline rather than the rate of decline.

At follow-up, patients were asked about their clinical sta-
tus (“better”, “same”, or “worse”). The secondary endpoints
were: 1) clinical improvement, indicated by resolution of fever
with a self-reported “better” status and a post-treatment WBC
<11 x 103 cells/mm?; and 2) treatment failure, which included
(a) post-treatment WBC > 11 x 10? cells/mm? with a self-
reported “same” status, requiring extension or switch of IV
ambulatory antibiotic therapy, or (b) worsening clinical status
with post-treatment WBC still > 11 x 103 cells/mm?, requiring
hospital admission for further pathogen workup.

Confounders

Confounders included sex, age, symptoms, comorbidities, ini-
tial WBC, and initial PMN percentage.

Study size estimation

Based on a pilot study of 25 patients that assessed the mean
difference in WBC reduction between regimen A and regimen
C (-1,600 £+ 1,414 vs. -3,560 + 5,546), a two-sided test with an
alpha of 0.05 and power of 80% indicated a required sample
size of 69 patients per group. Using the regimen ratio A:B:C =
1:1.8:1, the total calculated sample size was 259 patients (69
+121 + 69).

Statistical analysis

Baseline characteristics were compared among the three treat-
ment regimens. Categorical variables were analyzed using
the exact probability test, while continuous variables were as-
sessed using one-way analysis of variance (ANOVA) or the
Kruskal-Wallis test, depending on the data distribution. Given
the observational nature of the study and the potential for se-
lection bias related to treatment indications and contraindica-
tions, treatment group assignment (regimen A, B, or C) was
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Adult patients = 18 years with fever and leukocytosis,
stable vital signs, and without sepsis
January 2012-December 2024
(n=543)

Suitable for OPAT
(n =432)

Excluded (n = 182)

- Developed sepsis or hemodynamic
deterioration during ED/EDOU stay (n = 64)

- Lost to follow-up (n = 18)

- Missing follow-up blood test (n = 32)

- Immunocompromised hosts (n = 38)

- Allergy to ceftriaxone or doxycycline (n = 30)

A

Eligible patients
(n=250)

A A

Antibiotic regimens

A 4 A4

IV ceftriaxone for 1 day,
then oral cefixime (n=64)

IV ceftriaxone for 3 days,
then oral cefixime (n=128)

IV ceftriaxone plus oral doxycycline
concurrently for 3 days, then
continue oral doxycycline (n=58)

Figure 1. Study flow diagram.

modeled using multinomial logistic regression [12, 13] to ad-
dress confounding by indication, with sex, age, symptoms, co-
morbidities, initial WBC, and initial PMN percentage included
as covariates. Predicted probabilities for each regimen were
then generated from the model. Inverse probability of treat-
ment weighting (IPTW) [14] was applied by calculating the
stabilized weights as the inverse of the predicted probability of
receiving the treatment actually administered. After weighting,
quantile regression analysis was performed to compare WBC
reduction at 3-day follow-up across the treatment groups as
the primary outcome. A global comparison was first performed
using the Wald test, and pairwise comparisons with Bonfer-
roni adjustment were also reported. Secondary outcomes were
compared using the exact probability test.

The study protocol was registered in the Thai Clinical Tri-
als Registry (TCTR) (TCTR20250726004) and approved by

the Institutional Review Board of Lampang Hospital (CERT
No. 120/67). Informed consent was waived because of the ob-
servational design of the study.

Results

Between January 2012 and December 2024, 432 patients were
considered suitable for OPAT. After applying the exclusion cri-
teria, 250 patients remained eligible, comprising 64, 128, and
58 patients in regimens A, B, and C, respectively (Fig. 1).
Female patients were most prevalent in regimen A, fol-
lowed by regimen B and regimen C. Patients in regimen A
were the youngest, whereas those in regimen B were the old-
est. Across all three regimens, non-specific symptoms were the
most frequent presentation. No significant differences were
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Table 1. Baseline Characteristics

Regimen A

Regimen B

Regimen C

Baseline characteristics Missing (n= 64), n (%) (n= 128), n (%) (n=58), n (%) P value
Female 0 47 (73.4) 80 (62.5) 31(53.4) 0.075
Age (years), mean + SD 0 445+214 523+214 488 £21.1 0.057
Body mass index (kg/m?), mean = SD 0 23.1+45 232+5.1 23.5+6.0 0.909
Temperature (°C), mean + SD 0 38.5+0.6 38.5+0.5 38.6 0.6 0.793
Symptoms
Respiratory 0 6(9.4) 10 (7.8) 2(3.5) 0.692
Gastrointestinal 0 8 (12.5) 13 (10.2) 10 (17.2)
Genitourinary 0 6(9.4) 14 (10.9) 4 (6.9)
Non-specific 0 44 (68.7) 91 (71.1) 42 (72.4)
Comorbidity
Diabetes Mellitus 0 15(23.4) 30 (23.4) 19 (32.8) 0.379
Hypertension 0 16 (25.0) 43 (33.6) 15 (25.9) 0.378
Dyslipidemia 0 10 (15.6) 21 (16.4) 13 (22.4) 0.564
Chronic kidney disease 0 3(4.7) 12.(9.4) 9 (15.5) 0.126
Pre-Tx WBC (x 10%/uL), median (IQR) 0 154 (13.5-17.5) 15.8 (13.6 - 18.1) 15.4 (13.7-18.1) 0.664
Pre-Tx PMN (%), mean + SD 0 82.0 + 10.1 82.7+9.5 80.9+9.6 0.361
Time to follow-up (h), mean + SD 0 73.0+12.2 71.9+114 70.6 + 10.6 0.562

Regimen A: IV ceftriaxone for 1 day, then oral cefixime; Regimen B: IV ceftriaxone for 3 days, then oral cefixime; Regimen C: IV ceftriaxone plus oral
doxycycline concurrently for 3 days, then continue oral doxycycline. IQR: interquartile range; PMN: polymorphonuclear neutrophils; SD: standard

deviation; Tx: treatment; WBC: white blood cell.

observed in other baseline characteristics between the regi-
mens (Table 1).

Regimen B showed the highest crude pre-treatment WBC,
with similar values between regimens A and C, though not sta-
tistically significant. Post-treatment WBC levels were compa-
rable across all regimens, with no significant differences ob-
served (Table 2).

After applying confounder-adjusted IPTW and quantile
regression, regimen C showed the greatest median WBC re-
duction at -6.9 x 103 cells/mm? (95% confidence interval (CI):
-7.5 to -6.3), followed by regimen B at -6.8 x 103 cells/mm?
(95% CI: -7.2 to -6.5) and regimen A at -6.6 x 10° cells/mm?
(95% CI: -7.0 to -6.2). However, the overall Wald test indicat-
ed no significant differences among the regimens (P = 0.484)
(Fig. 2; Tables 3 and 4).

Treatment failure, as defined in the endpoint section, oc-

curred most frequently in regimen A, followed by B and C,
although the differences were not statistically significant.
Importantly, no failures led to hospitalization, and no 30-day
mortality was observed in this study (Table 5).

Discussion

In our cohort, all three regimens were associated with a
marked reduction in WBC count from baseline to follow-up.
Although the slope of decline appeared steeper for regimen C
(green line), statistical testing demonstrated no significant dif-
ference across groups (global test, P = 0.484). After Bonferroni
correction for multiple comparisons, the pairwise differences
between regimen C and regimen A (P = 0.337) and between
regimen C and regimen B (P = 0.233) remained non-signifi-

Table 2. Crude Pre- and Post-Treatment White Blood Cell Counts Across Three Antibiotic Regimens

Pre-treatment WBC

Post-treatment WBC

Regimens (% 103 cells/mm?3), median (p25, p75) Pvalue (x 103 cells/mm?), median (p25, p75) Pvalue
Regimen A 15.4 (13.5,17.5) 0.664 8.7(7.2,9.6) 0.612
Regimen B 15.8 (13.6, 18.1) 8.9 (7.9, 9.6)

Regimen C 15.4 (13.7,18.1) 8.9 (6.9, 9.4)

Values are presented as median (25th percentile, 75th percentile). WBC: white blood cell count; Regimen A: IV ceftriaxone for 1 day, then oral
cefixime; Regimen B: IV ceftriaxone for 3 days, then oral cefixime; Regimen C: |V ceftriaxone plus oral doxycycline concurrently for 3 days, then

continue oral doxycycline; IV: intravenous.

502 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™ | https://jocmr.elmerjournals.com



Tumporn et al

J Clin Med Res. 2025;17(9):499-506

Unadjusted white blood cell count
16
141
124

10

White blood cell count ( x 10° cell/mm®)

Pre Post
Follow-up time

Adjusted white blood cell count

16
E 14
]
(5]
=
x 124
€
3
Q
8]
T 10
©
o
S
< .
2 gl RegimenAversusC
s Bonferroni-adjusted p=0.337

Regimen B versus C
Bonferroni-adjusted p=0.233

Pre Post
Follow-up time

s Regimen A === Regimen B === Regimen C

Figure 2. Unadjusted and adjusted white blood cell counts over time by treatment regimen (adjusted for age, pre-treatment white
blood cell count, and pre-treatment percentage of polymorphonuclear neutrophils).

cant. These findings indicate that, despite visual differences
in trajectories, the overall WBC reductions achieved by each
regimen were comparable.

The OPAT protocol originated in the 1970s in the USA for
pediatric patients with cystic fibrosis [2] and was later adopted
in countries such as Canada [15], the UK [16], and Australia
[17]. In these high-income, highly educated settings, OPAT has
been primarily delivered as self-administered therapy, often
used for de-escalation after hospital admission or for patients
requiring long-term antibiotics for chronic infections. In Asia,
Singapore was the first to adopt OPAT in 2012 [18], followed
by Japan [19], Malaysia [20], and Thailand [21], where its use
has also centered on de-escalation after admission but has re-
mained largely confined to hospital-based or affiliated health-
care facilities.

Regimen A, consisting of IV ceftriaxone as a single initial

Table 3. White Blood Cell Reduction at 3-Day Follow-Up After
Quantile Regression Analysis With Inverse Probability of Treat-
ment Weighting

i WBC3 reduction3 95% cfmﬁ- P value?
(% 10° cells/mm°)  dence interval

Regimen A -6.6 -7.0t0 -6.2 0.484

Regimen B -6.8 -7.2 t0 -6.5

Regimen C -6.9 -7.5t0-6.3

aQverall P value derived from a Wald test. WBC: white blood cell count;
Regimen A: |V ceftriaxone for 1 day, then oral cefixime; Regimen B: IV
ceftriaxone for 3 days, then oral cefixime; Regimen C: IV ceftriaxone
plus oral doxycycline concurrently for 3 days, then continue oral doxy-
cycline; IV: intravenous.

dose, was evaluated in the COPY-ED study [22], the only pub-
lished work with a protocol comparable to this regimen in un-
complicated urinary tract infection (UTI). In this study, 57.8%
(492/851) of patients received an initial IV antibiotic, most
commonly ceftriaxone (86.8%), prior to discharge. The prima-
ry analysis compared subsequent oral cephalosporins with oral
fluoroquinolones or trimethoprim-sulfamethoxazole, showing
clinical cure rates of approximately 95% in both groups with-
out a significant difference.

Regimen B, consisting of once-daily IV ceftriaxone for 3
days, has been shown to be effective for uncomplicated UTI
[23] and skin-soft tissue infection (SSTI) [24]. However, in
these studies patients were initially admitted to the hospital
and, after being classified as low-risk, were subsequently man-
aged with OPAT using ceftriaxone once daily for 3 days, as
hospital-based, followed by scheduled clinical follow-up.

Regimen C, consisting of IV ceftriaxone plus oral dox-
ycycline, has primarily been studied in hospitalized patients

Table 4. Pairwise Comparisons of WBC Reduction Between
Antibiotic Regimens Using Wald’s Test With Bonferroni-Adjust-
ed P Values

Regimens A B C
A - - -
B 0.727 -
C 0.337 0.233 -

Regimen A: |V ceftriaxone for 1 day, then oral cefixime; Regimen B: IV
ceftriaxone for 3 days, then oral cefixime; Regimen C: IV ceftriaxone
plus oral doxycycline concurrently for 3 days, then continue oral doxy-
cycline; IV: intravenous.
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Table 5. Secondary Clinical Outcomes Across the Three Antibiotic Regimens

Regimens A (n=64),n (%) B (n =128), n (%) C (n =58), n (%) P value
Improved 51(79.7) 110 (85.9) 52(89.7) 0.283
Continued or switched IV antibiotics 13 (20.3) 18 (14.1) 6 (10.3)

Admitted 0 (0) 0 (0) 0 (0)

Regimen A: IV ceftriaxone for 1 day, then oral cefixime; Regimen B: IV ceftriaxone for 3 days, then oral cefixime; Regimen C: IV ceftriaxone plus oral
doxycycline concurrently for 3 days, then continue oral doxycycline; 1V: intravenous.

with community-acquired pneumonia (CAP) [25] providing
empirical coverage for Streptococcus pneumoniae, Haemophi-
lus influenzae, and Moraxella catarrhalis, as well as atypical
pathogens such as Mycoplasma spp. and Chlamydia spp. It has
also been applied in hospitalized patients with suspected tropi-
cal infections, including Rickettsia spp., Leptospira spp., and
pathogens causing enteric fever [26-28].

Our study design differs from most previous reports. Rather
than beginning with a wide range of diagnoses, we first identi-
fied conditions that could be managed with a uniform treat-
ment approach: IV ceftriaxone as a single dose, IV ceftriaxone
once daily for 3 days, or IV ceftriaxone combined with oral
doxycycline during the same 3-day course. These regimens
were selected for their feasibility in a hospital-based program,
once-daily administration, residence within 10 km of the hos-
pital, and reliable follow-up. To ensure patient safety, we ap-
plied a strict protocol in which all five components had to be
fulfilled before initiating OPAT. Because the choice of regimen
often fell into a gray zone depending on physician preference,
we used IPTW and quantile regression analysis to minimize
confounding by indication, thereby reflecting real-world prac-
tice.

This study may represent one of the earliest investiga-
tions of an ED-initiated, hospital-based OPAT protocol in
Thailand, an area in which research remains scarce. We hy-
pothesize that establishing evidence in this domain could al-
low the approach to be generalized to other ED diagnoses,
such as uncomplicated UTI, SSTI, and infectious diarrhea,
thereby reducing inpatient workload, preventing unnecessary
hospital admissions, lowering the risk of nosocomial infec-
tion, and improving patient satisfaction, as many patients
prefer to avoid hospitalization.

Limitations

First, due to the uniform treatment approach in this study, gen-
eralization to other infections may be limited. At Lampang
Hospital, SSTTs are often caused by mixed organisms, includ-
ing anaerobes. For very mild cases, oral amoxicillin-clavulanic
acid (AMC) is usually prescribed, while patients with leuko-
cytosis typically receive AMC 1 g IV every 8 h. This dosing
schedule requires hospital visits three times daily, making
OPAT impractical and inpatient admission more convenient
for patients.

Second, although the adjusted analysis showed a con-
sistent downward trajectory in WBC across all regimens, the
comparisons between regimen C and the others did not reach

statistical significance. This lack of significance is most like-
ly attributable to the study being markedly underpowered,
as demonstrated by post hoc power analyses showing very
low power (< 10%) due to small sample sizes. In particular,
the green trajectory for regimen C after adjustment suggests
a potential signal that could not be confirmed under the cur-
rent study design. Therefore, the absence of statistical sig-
nificance should not be interpreted as absence of effect. To
clarify these findings, future multicenter studies with larger
cohorts are warranted to provide adequate power and more
robust conclusions.

Third, no definitive microbiological diagnosis was estab-
lished, as patients frequently presented with undifferentiated
or non-specific symptoms. Hemocultures and serological tests
(IgM, IgG) were not routinely performed because of their high
cost and low diagnostic yield. For example, even among hos-
pitalized patients at our center, positive blood culture results
are obtained in fewer than 10% of cases despite an annual
expenditure of approximately 13 million Thai baht (= 350,000
USD), not including the costs of serological assays. In this
context, particularly in resource-limited settings, a treatment-
based approach may be more practical than extensive patho-
gen identification.

Finally, this was a single-center study, which may limit
the generalizability of our findings to other healthcare set-
tings. The follow-up period was relatively short, focusing on
early WBC reduction and immediate clinical response, without
evaluating longer-term outcomes such as recurrence or read-
mission. Although IPTW was applied to adjust for measured
confounders, residual confounding from unmeasured factors
cannot be excluded.

Conclusion

This study is among the first to evaluate an ED-initiated,
hospital-based OPAT protocol in Thailand. Short-course 1V
ceftriaxone regimens appeared feasible and showed consist-
ent WBC reduction, though statistical significance was limited
by small sample size. Larger multicenter studies are needed to
confirm these findings.
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