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Abstract. Malaria chemoprophylaxis is used as a preventive measure in military personnel deployed to malaria-
endemic countries. However, limited information is available on compliance with chemoprophylaxis among trauma
patients during hospitalization and after discharge. Therefore, we assessed antimalarial primary chemoprophylaxis and
presumptive antirelapse therapy (primaquine) compliance among wounded United States military personnel after
medical evacuation from Afghanistan (June 2009–August 2011) to Landstuhl Regional Medical Center in Landstuhl,
Germany, and then to three U.S. military hospitals. Among admissions at Landstuhl Regional Medical Center, 74% of
2,540 patients were prescribed primary chemoprophylaxis and < 1% were prescribed primaquine. After transfer of
1,331 patients to U.S. hospitals, 93% received primary chemoprophylaxis and 33% received primaquine. Of 751 trauma
patients with available post-admission data, 42% received primary chemoprophylaxis for four weeks, 33% received
primaquine for 14 days, and 17% received both. These antimalarial chemoprophylaxis prescription rates suggest that
improved protocols to continue malaria chemoprophylaxis in accordance with force protection guidelines are needed.

During the past decade, United States military personnel
have been deployed to Afghanistan, where malaria remains a
serious health threat. Approximately 77% of the Afghan pop-
ulation resides in areas at risk of disease transmission, which
results in an estimated annual average of 77,000 cases per
year.1 United States military personnel must rely on preventive
measures (e.g., chemoprophylaxis and permethrin-treated uni-
forms) to mitigate the risk of infection. Despite these efforts,
approximately 20–90 cases of malaria per year were diagnosed
among U.S. military personnel serving in Afghanistan during
2003–2012.2,3

Antimalarial chemoprophylaxis (doxycycline or meflo-
quine), per guidelines published by the U.S. Department of
Defense (DoD) during 2009–2011, should be initiated before
entering Afghanistan, continued during deployment, and for
28 days after returning to the United States. In addition,
primaquine is recommended for 14 days after deployment
for presumptive antirelapse therapy, except for persons with
glucose-6-phosphate dehydrogenase (G6PD) deficiency.4,5 In
general, chemoprophylaxis compliance by service members
during deployment has been self-reportedly low (38–61% for
primary chemoprophylaxis, 41% for primaquine, and 31–56%
for primary chemoprophylaxis and primaquine).6–9 Poor com-
pliance has been attributed to gastrointestinal side effects, for-
getfulness, and misperception of malaria hazard.8 Moreover,
service members may receive suboptimal chemoprophylaxis
regimens (i.e., shorter than recommended durations or lack of
primaquine) as recently reported among 36% of cases.10

Few studies are available on antimalarial chemoprophylaxis
and primaquine prescribed to trauma patients after admission
to medical facilities.11,12 The objective of our analysis was to
evaluate antimalarial chemoprophylaxis compliance, as pre-
scribed by clinicians, among wounded U.S. military personnel

evacuated from Afghanistan after arrival at Landstuhl
Regional Medical Center (LRMC) in Germany and subse-
quent U.S. military treatment facilities (MTFs).
Primary chemoprophylaxis and primaquine prescription data

were collected at LRMC and three U.S. MTFs as part of a
prospective study on infectious complications after deployment-
related injuries (DoD–Department of Veterans Affairs, Trauma
Infectious Disease Outcomes Study [TIDOS]).13 Participating
U.S. MTFs were the National Naval Medical Center, the
Walter Reed Army Medical Center, and the Brooke Army
Medical Center. Demographic, trauma, and clinical inpatient
data from service members with deployment-related injuries
were collected through the TIDOS infectious disease module
of the DoD Trauma Registry.13,14 Data on antimalarial pre-
scription and duration were obtained from cohort records for
patients who enrolled in TIDOS and consented to follow-up.
This study was approved by the Infectious Disease Institu-
tional Review Board of Uniformed Services University of the
Health Sciences.
Clinical characteristics and duration of prescribed chemo-

prophylaxis for wounded military personnel were compared
among four hospitalized groups: 1) those who received rec-
ommended durations of primary chemoprophylaxis and
primaquine; 2) those who received primary chemoprophy-
laxis for the recommended four weeks, but primaquine for
less than two weeks; 3) those who received primary chemo-
prophylaxis for less than four weeks; and 4) those who never
received any chemoprophylaxis during hospitalization. Chi-
square and Fisher’s exact tests were used to test differences
between categorical variables. The non-parametric Kruskal-
Wallis test was used to compare the distribution of medians
between the groups. Statistical analysis was conducted using
SAS version 9.3 (SAS Institute, Cary, NC) and StatXact
version 9 (Cytel Inc., Cambridge, MA). Significance was defined
as P < 0.05.
During June 1, 2009–August 31, 2011, 2,540 military per-

sonnel were admitted to LRMC with wounds sustained in
Afghanistan and < 1% received antimalarial chemoprophylaxis
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from clinicians in-theater after injury (Figure 1). After admis-
sion to LRMC, 74% were prescribed antimalarial chemopro-
phylaxis. After care at LRMC (median hospitalization =
2 days, interquartile range [IQR] = 1–3 days), 1,331 patients
transferred to TIDOS-participating U.S. MTFs (65% receiving
antimalarial chemoprophylaxis at time of discharge) and 93%
received primary chemoprophylaxis after admission to U.S.
facilities. Primaquine was initiated among < 1% of patients at
LRMC and an additional 33% (433) at the U.S. MTFs.
Overall, 751 patients enrolled in the longitudinal TIDOS

cohort (Table 1), of whom 42% received either doxycycline
or mefloquine for at least four weeks, 53% for less than
four weeks, and 5% did not receive any antimalarial during
hospitalization at either LRMC or the U.S. MTFs. In addition,
32% (244 patients) received primaquine for at least 14 days,
10% (76 patients) were prescribed it for less than the recom-
mended duration, and 57% (431 patients) did not receive
primaquine. Only 17% of TIDOS enrollees received primary
chemoprophylaxis and primaquine.
When the two groups that received four weeks of primary

chemoprophylaxis were compared on the basis of primaquine
duration (two weeks versus less than two weeks; Table 1),
patients who received recommended durations of antimalarial
drugs had greater injury severity, more intensive care unit
admissions, longer duration of total hospitalization, and a
higher number of bacterial infections. There were similar sig-
nificant differences when patients who received four weeks of
primary chemoprophylaxis were compared with those who
received it for either less than the recommended duration or
not at all. Notably, 43% of patients who received four weeks
of chemoprophylaxis had at least one bacterial infection
whereas only 26% of patients who either did not receive

recommended duration or any antimalarial chemoprophylaxis
had a bacterial infection.
Most military personnel wounded in Afghanistan during

June 2009–August 2011 received primary chemoprophylaxis
(74% at LRMC and 93% at U.S. MTFs), but not as many
were prescribed primaquine (< 1% at LRMC and 33% at
U.S. MTFs) by clinicians. However, both types of antimalar-
ial drugs were largely not prescribed for recommended dura-
tions (primary chemoprophylaxis: median = 13 days, IQR =
4–21 days; primaquine: median = 11 days, IQR = 8–13 days).
At the present time, few data are available on receipt of
antimalarial chemoprophylaxis among combat casualties dur-
ing hospitalization. Among wounded British military person-
nel evacuated from Afghanistan, prescription of appropriate
antimalarial chemoprophylaxis after MTF admission has
been reported to be low; compliance ranged from 1.64% (5
of 305 patients) to 50% (4 of 8 patients) in various analy-
ses.11,12 Although our analysis reported greater adherence to
antimalarial chemoprophylaxis guidelines than the British
studies, compliance was still poor, particularly for primaquine
and possibly the result of a low perception of malaria risk by
the clinicians.
Data reported herein suggest that severely injured patients

were more likely to receive antimalarial chemoprophylaxis
(Table 1). The greater proportion of infectious complications
among patients with severe injuries may have resulted in them
being followed by infectious disease specialists; thus, increas-
ing the likelihood of receiving chemoprophylaxis. Moreover,
this patient group had longer hospitalizations, which provided
greater opportunity for clinicians to prescribe primary chemo-
prophylaxis for the recommended duration and initiate
primaquine for two weeks.

Figure 1. Antimalarial primary chemoprophylaxis flow diagram for United States Military trauma patients from Afghanistan admitted during
June 1, 2009–August 31, 2011. LRMC = Landstuhl Regional Medical Center; TIDOS = Trauma Infectious Disease Outcomes Study; MTF =
military treatment facility; BAMC = Brooke Army Medical Center; WRAMC = Walter Reed Army Medical Center; NNMC = National Naval
Medical Center.
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Although a major strength of the analysis is use of pro-
spective data obtained from multiple MTFs, there are study
limitations to be considered. Although G6PD status is deter-
mined for all service members before deployment, this infor-
mation was not captured in our study. The prevalence of
G6PD deficiency has been estimated at approximately 2.5%
among U.S. Army personnel and may account for a small
percentage of those service members in which primaquine
would be contraindicated.15 Data on duration of antimalarial
chemoprophylaxis was only captured for patients who trans-
ferred to TIDOS-participating U.S. MTFs and consented to
the cohort study, and this population consists of more severely
injured patients.13 Thus, it is uncertain if these data are appli-
cable to injured personnel at all MTFs. There also appears to
be facility management differences, but we were unable to
establish a cause. Finally, we were unable to determine if
malaria developed in patients who did not receive antimalar-
ial chemoprophylaxis after discharge because TIDOS does
not capture this information.
Malaria remains a health concern for deployers to malaria-

endemic areas. In 2002, 38 U.S. Army Rangers were infected
with Plasmodium vivaxmalaria (52.4 cases per 1,000 persons),

and were diagnosed a median of 233 days after return from
deployment to eastern Afghanistan.7 In 2012, three cases of
P. vivax malaria were diagnosed among members of an Army
unit who had returned from deployment to Afghanistan
approximately seven months earlier.10 The extended duration
after return from a malaria-endemic area to diagnosis sug-
gests that improved compliance and/or appropriate prescrip-
tions of primaquine may have prevented these cases. As
long as military personnel are deployed to malaria-endemic
regions, preventive measures, such as chemoprophylaxis, are
critical to lessen the likelihood of contracting this disease.
However, potential hazards of large-scale antimalarial drug
use among military deployers must also be considered. In
recent years, antimalarial chemoprophylaxis recommenda-
tions have been adjusted because of neuropsychiatric contra-
indications with mefloquine, resulting in fewer prescriptions
of the antimalarial agent.16 Furthermore, in addition to other
adverse effects (e.g., gastrointestinal upset), widespread use
of antimalarial drugs may lead to increased antimalarial or
bacterial drug resistance. Recent contemporary analyses dem-
onstrated increased tetracycline resistance among colonizing
Staphylococcus aureus isolates and enteric flora collected

Table 1

Characteristics of TIDOS-enrolled trauma patients related to antimalarial chemoprophylaxis duration (June 1, 2009–August 31, 2011)*

Characteristic
Total population

(n = 751)

Received 4 weeks
of AMC† plus 2 weeks

of primaquine
(n = 127)

Received 4 weeks of
AMC† but not 2 weeks

of primaquine
(n = 190)

Received less
than 4 weeks
of AMC†
(n = 399)

Never received
AMC† (n = 35) P‡ P§

Age, median (IQR) 24.4 (22.0–28.5) 23.6 (21.9–25.9) 23.6 (21.6–27.9) 25.1 (22.3–29.5) 25.6 (22.1–28.4) 0.79 < 0.01
Males, no. (%) 741 (98.7) 127 (100) 189 (99.5) 391 (98.0) 34 (97.1) 1.00 0.05
Time from injury to receipt of first
antimalarial drug, median
days (IQR)

3 (2–4) 2 (2–3) 3 (2–4) 3 (2–4) NA 0.56 0.50

LRMC ISS, median (IQR) 12 (6–18) 17 (12–24) 10 (6–17) 11 (6–18) 8 (5–10) < 0.01 < 0.01
Admitted to LRMC ICU,
no. (%)

364 (48.5) 96 (75.6) 90 (47.4) 174 (43.6) 4 (11.4) < 0.01 < 0.01

LRMC length of ICU stay,
median days (IQR)

2 (1–3) 2 (1–3) 2 (1–3) 2 (1–2) 1 (1–14) 0.80 0.03

Admitted to U.S. MTF ICU,
no. (%)

275 (36.6) 86 (67.7) 70 (36.8) 116 (29.1) 3 (8.6) < 0.01 < 0.01

MTF length of ICU stay,
¶ median days (IQR)

4 (2–6) 4 (3–7) 3 (2–5) 3 (2–6) 2 (2–7) 0.08 0.81

First U.S. MTF admission,
no. (%)

< 0.01# < 0.01**

BAMC 197 (26.2) 0 30 (15.8) 154 (38.6) 13 (37.1)
WRAMC 300 (40.0) 68 (53.5) 83 (43.7) 131 (32.8) 18 (51.4)
NNMC 254 (33.8) 59 (46.5) 77 (40.5) 114 (28.6) 4 (11.4)

Total hospitalization at LRMC
and U.S. MTFs, median
days (IQR)

23 (13–41) 45 (30–65) 19 (11–38) 19 (12–34) 13 (9–25) < 0.01 < 0.01

Receipt of minocycline at LRMC
and U.S. MTFs, no. (%)

19 (2.5) 5 (3.9) 0 14 (3.5) 0 0.01 0.24

Bacterial infections at LRMC
and U.S. MTFs, no. (%)††

< 0.01 < 0.01

0 499 (66.4) 43 (33.9) 137 (72.1) 291 (72.9) 28 (80.0)
1 107 (14.3) 29 (22.8) 19 (10) 53 (13.3) 6 (17.1)
2 62 (8.3) 24 (18.9) 15 (7.9) 23 (5.8) 0
3 35 (4.7) 15 (11.8) 8 (4.2) 12 (3.0) 0
³ 4 48 (6.4) 16 (12.6) 11 (5.8) 20 (5.0) 1 (2.9)

*TIDOS = Trauma Infectious Disease Outcomes Study; AMC = antimalarial primary chemoprophylaxis; IQR = interquartile range; NA = not applicable; LRMC = Landstuhl Regional Medical
Center; ISS = injury severity score; ICU = intensive care unit; MTF = military treatment facility; BAMC = Brooke Army Military Center; WRAMC = Walter Reed Army Medical Center;
NNMC = National Naval Medical Center.
†Doxycycline or mefloquine at any dose at either LRMC or the U.S. MTFs.
‡Compares persons who received at least four weeks of primary chemoprophylaxis plus two weeks of primaquine (n = 127) with those who received a full duration of primary chemoprophylaxis

but less than two weeks of primaquine (n = 190).
§Compares persons who received at least four weeks of primary chemoprophylaxis (combination of first two groups; n = 317) with those who either received primary chemoprophylaxis for less

than four weeks or those who did not receive any antimalarial drugs (combination of last two groups; n = 434).
¶ICU length of stay data excludes NNMC because the information was not available in the Department of Defense Trauma Registry.
#Compares all MTFs. Specific facility comparisons are BAMC and WRAMC (P < 0.01); BAMC and NNMC (P < 0.01); and WRAMC and NNMC (P = 0.78).
**Compares all MTFs. Specific facility comparisons are BAMC and WRAMC (P < 0.01); BAMC and NNMC (P < 0.01); and WRAMC and NNMC (P = 0.45).
††Bacterial infections were classified on the basis of clinical findings, laboratory and other test results, and standardized definitions. Examples of infections include skin and soft-tissue infections,

osteomyelitis, and sepsis.
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from U.S. military personnel deployed to Afghanistan and
Thailand who were receiving long-term doxycycline.17,18 The
complexity of these factors may merit further analysis of cur-
rent policies, as well as increased involvement of infectious
disease specialists in the management of antimalarial chemo-
prophylaxis regimens.
The results of our analysis suggest that more awareness of

antimalarial chemoprophylaxis recommendations may be
necessary among clinicians to improve compliance for combat
casualties. Additional analyses to validate our results and
determine reasons for the lower rates of chemoprophylaxis
regimens are warranted.
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