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Highlights of recent research from the University of Hawai‘i  
and the Hawai‘i State Department of Health

Healthy Beverage Options for Children at 
Hawai‘i Restaurants

Hawai‘i’s “healthy default beverage law” went into effect in January 
2020, requiring restaurants to offer a drink such as water, low-fat 
milk, or 100% juice as a default beverage option with children’s 
meals. Researchers led by Meghan McGurk MPH, with the Thomp-
son School of Social Work & Public Health, examined menus 
from restaurants across Hawai‘i during November and December 
2019, before the law went into effect. The researchers looked at 
64 restaurants offering children’s meals from a random sample of 
383 establishments with food permits. Results showed that just 2 
restaurants complied with the law before they were required to do 
so. About 12% offered some default beverages that were healthy, 
but also offered default beverages that were not healthy. More than 
60% of restaurants with children’s meals offered a sugar-sweetened 
beverage, such as soda or flavored milk, as a default beverage. The 
findings suggest that such laws may improve the beverage options 
included in children’s meals. 

•	 McGurk MD, Cacal SL, Vu U, et al. Baseline assessment of children’s meals and healthy 
beverage options prior to a state-level healthy default beverage (HDB) law. Journal of Healthy 
Eating and Active Living. 2021;1(2):53-63. 

Resilience in Native Hawaiian and 
Micronesian Families Who Have Regained 
Stable Housing

Factors that help Native Hawaiian and Micronesian families who 
were once houseless but succeeded in regaining stable housing 
include receiving support and taking initiative. Researchers in-
cluding Francie J. Julien-Chinn PhD, of the Thompson School of 
Social Work & Public Health conducted narrative interviews with 
4 Native Hawaiian and Micronesian families living on O’ahu who 
had experienced unstable housing but were living in stable housing 
at the time of the study. The interviews revealed that the families’ 
protective factors included formal supports such as food stamps 
and section 8 housing, as well as informal support from family and 
friends. The families also developed insights into their situations 
and took initiative to make changes. Spiritual beliefs also played 
a role, such as the Native Hawaiian concepts of lōkahi (harmony) 
with Akua (gods and spirit), ‘āina (land), and kānaka (family). In 
interventions aimed at helping houseless families, it will help to 
focus on the factors that contribute to resilience. 

•	 Julien-Chinn FJ, Park MLN. Understanding the connection between the ‘Āina, strengths, and 
houselessness among previously houseless Native Hawaiian and Micronesian families. Journal 
of Human Behavior in the Social Environment. https://doi.org/10.1080/10911359.2021.191478

Proteins Linked with Endometrial Cancer 
Risk

Researchers have identified new proteins that may be linked with 
women’s risk of endometrial cancer. Researchers led by Jingjing 
Zhu PhD, of the University of Hawai‘i Cancer Center, examined 
data from the genomes of 12 906 women with endometrial cancer 
and 108 979 women without this cancer. The study utilized findings 
from previous genome-wide association studies that had identified 
17 specific places in the genome linked to endometrial cancer risk; 
the new study looked at 1434 proteins in the blood whose circulating 
levels can be predicted by genetic variants. Results revealed nine 
proteins that may be linked to endometrial cancer risk, including 
proteins involved in DNA repair and immunity. The findings could 
improve the assessment of women’s endometrial risk as well as 
the understanding of endometrial tumor development.

•	 Zhu J, O’Mara TA, Liu D, et al. Associations between genetically predicted circulating protein 
concentrations and endometrial cancer risk. Cancers. 2021;13(9):2088. doi:10.3390/can-
cers13092088.

Compounds from Southeast Asian Plant 
Linked to Pain Relieving Effects

Compounds called triterpenes from a plant called Vernonia patula, 
which grows in Southeast Asia and used medicinally, may be re-
sponsible for the plant’s effects on pain and sedation. Researcher 
Md Afjalus Siraj PhD, of the Daniel K. Inouye College of Pharmacy 
along with his co-authors conducted simulation studies to examine 
the binding of six triterpenes isolated from Vernonia patula with 
human cannabinoid type 1 (CB1) receptor. Results revealed that 
three of the compounds — called friedelin, α-amyrin, and epifrie-
delanol — showed a strong binding affinity for the CB1 receptor. 
The results suggest these compounds may contribute to the pain 
relieving and sedative effects of the plant.  

•	 Afjalus Siraj M, Rahman MS, Tan GT, Seidel V. molecular docking and molecular dynamics 
simulation studies of triterpenes from Vernonia patula with the Cannabinoid Type 1 Receptor. 
Int J Mol Sci. 2021;22(7):3595. doi:10.3390/ijms22073595

Long Non-coding RNA Molecules Could Hold 
Clues to Lung Cancer

Molecules called long non-coding RNAs (lncRNAs) may play 
valuable roles in diagnosing and treating lung cancer. In a review 
paper, researchers led by Yu Chen, of the John A. Burns School 
of Medicine, explain that lncRNAs have a well-established role 
in regulating gene expression in cells. In addition, some of these 
molecules may also serve as predictors of the sensitivity of lung 
cancer cells to chemotherapy, targeted therapy, and radiation treat-
ments. A panel of lncRNAs could serve as a screening marker in 
the diagnosis of lung cancer; the current method of screening with 
low-dose CT scans yields many false positives. Other lncRNAs 
could serve as markers of prognosis of lung cancer patients. Because 
the molecules remain stable in the blood, they represent an area 
ripe for further research in the treatment of lung cancer.

•	 Chen Y, Zitello E, Guo R, Deng Y. The function of LncRNAs and their role in the prediction, 
diagnosis, and prognosis of lung cancer. Clin Transl Med. 2021;11(4):e367. doi:10.1002/
ctm2.367
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Abstract

This report describes the rapid implementation of a statewide observational 
surveillance program to monitor the public’s wearing of face masks in public 
spaces during community spread of Coronavirus disease 2019 (COVID-19). It 
describes how the Hawai‘i State Department of Health partnered with University 
of Hawai‘i faculty to develop and implement the surveillance program. The 
surveillance program involved organizing volunteers to conduct weekly direct 
observations in designated locations. A smartphone application (app) was 
created to record real-time observational surveillance data. From September 
5, 2020, to March 13, 2021, a total of 84 577 observations were conducted 
across the state. Eighty-three percent of those observed were correctly wearing 
a face mask, 7% were wearing a face mask incorrectly, and 10% were not 
wearing a mask. Following the 2-week pilot phase of the project, volunteers 
were surveyed regarding facilitators and barriers for conducting observations 
and motivations for volunteering. Feedback was used to refine project pro-
cedures. With few states having implemented such a surveillance program, 
the information reported in this article may inform communities interested in 
tracking mask-wearing behaviors in the context of the COVID-19 pandemic.

Keywords

COVID-19, SARS-CoV-2, Face Mask, Hawaii, Public Health Surveillance, 
Smartphone

Abbreviations and Acronyms 

CDC = Centers for Disease Control and Prevention 
COVID-19 = Coronavirus disease 2019
DOH = Department of Health 
RSL = Resolve to Save Lives 
UH = University of Hawai‘i 

Introduction

The Coronavirus disease 2019 (COVID-19) pandemic has 
severely impacted the State of Hawai‘i, resulting in hundreds 
of lives lost, thousands infected, and major disruption to the 
livelihoods of Hawai‘i residents. Although the number of daily 
cases statewide has decreased since hitting a peak of 353 cases 
per day in August 2020, the persistent threat of a “third wave” 
remains a major concern for the state. With COVID-19 vaccines 
in short supply, public health interventions have continued to 
rely upon strategies to limit transmission of the virus. Wearing 
a face mask is 1 of 3 key actions, along with handwashing and 
maintaining physical distancing, that people can take to prevent 
the spread of COVID-19.1 To reduce the risk of COVID-19 

transmission, the Centers for Disease Control and Prevention 
(CDC) recommends that all people over the age of 2 years 
wear masks in public places when around people outside of 
their household, especially in settings where social distancing 
cannot be maintained.2 

Real-time data are an essential tool for informing decision-
making for infectious disease control. Metrics to assess adher-
ence to public health measures are useful to inform the response 
to COVID-19. “Observed mask-wearing” has been identified 
by Resolve to Save Lives (RSL) as 1 of 15 essential indicators 
for effective COVID-19 response. RSL recommends that all 
states report the percentage of people wearing masks correctly 
in public settings (eg, mass transit, shopping) using a standard, 
consistent method by week. Few states in the United States 
routinely report this metric.3 As Hawai‘i State Department of 
Health (DOH) state emergency managers and elected officials 
sought to develop metrics for use by decision-makers, this 
RSL metric was identified as essential for assessing ongoing 
community prevention activities. This article describes how a 
statewide observational surveillance system was developed to 
monitor the public’s wearing of face masks in public spaces. 
The program was rapidly implemented to track face mask usage 
patterns by the general public. Although the State of Hawai‘i 
mandates the use of face masks in public areas,4 little was 
known regarding mask-wearing behaviors in Hawai‘i before 
the launch of this project.5

Methods

Faculty at the University of Hawai‘i (UH), under the guidance 
of the Hawai‘i State DOH, worked collaboratively to design 
and rapidly implement a statewide observational surveillance 
system to monitor the wearing of face masks in public spaces. 
Methodology for observation sampling was guided by RSL 
recommendations.6 The program was piloted on two days: 
September 5, 2020, and September 12, 2020. The pilot involved 
79 volunteers conducting observations in all 4 Hawai‘i state 
counties. Adjustments were made based on the volunteers’ 
feedback after the pilot. 

Once per week, teams of 2 volunteers observed people in des-
ignated areas and recorded face mask usage. Observations were 
recorded at the same time and day each week. Each volunteer 
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observed people for 2 hours or until 100 observations were 
recorded. Observations were recorded as: “Wearing Correctly,” 
“Wearing Incorrectly,” or “No Mask.” “Wearing Correctly” was 
defined as wearing a face mask that completely covered the 
wearer’s nose and mouth.2 “Wearing Incorrectly” was defined 
as wearing a face mask in any other way, such as having the 
wearer’s nose exposed, wearing the mask around the neck, or 
hanging from 1 ear. Volunteer pairs were instructed to initially 
observe the same people together to establish inter-rater reli-
ability before recording observations. Once inter-rater reliability 
was established, volunteers were instructed to observe differ-
ent people to avoid duplication of observations. For example, 
volunteers were instructed to conduct observations on opposite 
sides of the street or walkways from their partner or position 
themselves to observe different areas from their partner. Per 
CDC recommendations regarding mask-wearing in public 
spaces, volunteers observed individuals who appeared aged 2 
years or older. Designated areas for observations were outdoor 
commercial zones selected with input from county health of-
ficials and members of the project team. Observation sites were 
spread out on each island to include multiple regions of each 
county each week. Sites were revisited weekly or every other 
week. Observations were limited to outdoor spaces because 
of the scarcity of public indoor spaces on all islands. Com-
mercial zones were selected over areas like parks and beaches 
to minimize the effect of people engaged in activities, such 
as exercise, for which they would not be expected to wear a 
mask. Commercial zones, in general, involve people going into 
and out of indoor retail facilities, and therefore mask-wearing 
behavior is of more significance from a disease control perspec-
tive. Data was recorded using a smartphone application (app) 
or paper form. Data collected were aggregated by county and 
reported weekly as a community prevention metric for the DOH 
COVID-19 data dashboard.7

Smartphone App

The smartphone app was developed by UH engineering staff 
to facilitate the recording of observations. Desired qualities 
driving the development of the app were that it (1) be simple to 
use with minimal training, (2) be able to be used discreetly by 
observers, and (3) generate real-time data that could be sorted 
by zip code for seamless integration into the DOH COVID-19 
data dashboard. A beta version was tested by project coordina-
tors and refined with input regarding usability and functionality. 
A “web app” format avoided the need for downloading the 
app onto a cell phone before use. It also allowed developers to 
make rapid updates. 

Unique features of the app facilitate rapid data collection and 
reporting. Data collected by volunteers were uploaded instanta-
neously to the app’s website. Upon starting the app, users were 
prompted to input their name, zip code, and location code to 
ensure all data generated include the name of the data collector 
and location where each observation was made. Observations 

were tallied and displayed in real-time so that volunteers could 
note the total number of observations as well as the number in 
each category of “Wearing Correctly,” “Wearing Incorrectly,” 
or “No Mask” during their shift. A clicking noise sounded each 
time an observation was recorded to assure volunteers their data 
were noted. Finally, when volunteers recorded 100 observa-
tions, a notification displayed stating that the quota had been 
reached. Volunteers unable to use the app on a cell phone could 
manually input tallies into the app’s website using a computer. 

Volunteer Training

Each volunteer was required to complete a 15-minute live or 
recorded virtual training session. The training session discussed 
the project’s purpose, instructions on conducting and record-
ing observations, and safety precautions. The DOH provided 
volunteers with a letter to show authorities if questioned while 
conducting observations. Following the first 2-week pilot run 
of the project, volunteers were sent an 8-question survey re-
garding their role as a volunteer. Five items assessed the clarity 
of instructions provided, the sufficiency of knowledge that 
volunteers had to serve as data collectors, perception of safety 
while conducting observations, ease of use of the observation 
application, and perceived confidence in the ability to accurately 
collect data. These survey items used a 5-point Likert scale, 
with 1 being “Strongly Disagree” and 5 being “Strongly Agree.” 
Two open-ended questions asked volunteers about facilitators 
and barriers encountered while collecting data in the field. 
Finally, volunteers were also asked about their motivations 
for volunteering. 

Results

Between September 5, 2020, and March 13, 2021, a total of 202 
volunteers affiliated with the UH, the Hawai‘i State Medical 
Reserve Corps, and other community groups participated in the 
project. Volunteers recorded 84 577 observations at 58 sites on 
5 Hawaiian islands. Observation data showed that statewide 
during this period, 83% of people wore masks correctly, 7% 
wore masks incorrectly, and 10% wore no mask (Table 1). 
Figure 1 illustrates trends regarding persons observed correctly 
wearing a mask by county by week. Although variation can be 
seen each week across the 4 counties, the overall percentage 
of the population observed wearing a mask correctly across the 
state increased since the beginning of the observation period. 
Kaua‘i County exhibited lower mask-wearing percentages than 
other counties.

Table 1. Face-Mask Usage Observations Collected in Hawai‘i,
September 5, 2020–March 13, 2021 (N=84 577)

Observations n %
Wearing mask correctly 70 376 83
Wearing mask incorrectly 5554 7
No mask 8647 10
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Of the 79 volunteers that participated in the pilot, 41 (51.9%) 
responded to the survey. Feedback was overwhelmingly posi-
tive regarding clarity of instruction (mean, 4.6), sufficiency of 
knowledge to serve as a data collector (4.7), perception of safety 
(4.8), ease of use of the app (4.5), and confidence in ability to 
collect accurate data (4.6). Responses are summarized in Table 2.

Volunteers provided various motivations for volunteering, in-
cluding receiving college credit (n=16; 39%), wanting to serve 
the community (n=13; 22%), self-gratification for volunteer-
ing (n=5; 12%), and other reasons (n=7; 17%). Responses are 
summarized in Table 3. Qualitative comments provided insight 
into volunteers’ experiences recording observations. Some 
comments focused on the app’s functionality (eg, occasionally 
froze or lagged). One participant remarked how despite being 
skeptical of using an app, observation collection went very 
smoothly. Other comments pertained to methodology. Volun-
teers commented that they needed greater clarity regarding who 
to observe and at what point to record their observations. For 
example, volunteers noted that persons walking to and from the 
ocean and those stepping in and out of cars were not wearing 
masks at the time of observation but donned masks after be-
ing observed. Volunteers requested greater guidance regarding 
how to avoid counting the same individuals as their partners. 
Feedback regarding the designated locations was also provided. 
Some sites were sparsely populated at the time of observation. 
Volunteers suggested changing the locations or the time of day 
that observations were conducted to be in areas with more foot 
traffic. Volunteers noted that because many of the sites were 
located in commercial shopping areas, mask-wearing behaviors 
may differ in other types of settings, such as parks and beaches. 

Table 2. Facilitators and Barriers Reported By Volunteers Piloting 
Mask Observation Study in Hawai‘i, September 2020 (N=41)

Questiona Mean (SD) Median
The instructions provided were clear. 4.6 (0.6) 5
I have sufficient knowledge to serve in the 
role of data collector. 4.7 (0.5) 5

I felt safe while in the field collecting data. 4.8 (0.5) 5
The face mask observation application 
was easy to use. 4.5 (0.8) 5

I am confident that I will be able to collect 
data in an accurate manner. 4.6 (0.7) 5

Abbreviation: SD, standard deviation.
a Survey items used a 5-point Likert scale, with 1 being “Strongly Disagree” 
and 5 being “Strongly Agree.”

Table 3. Volunteer Motivations for Participating in Pilot Face Mask 
Observation Study in Hawai‘i, September 2020 (N=41)

Volunteer motivations for participating in the study n (%)
College course credit 16 (39.0)
Want to serve my community 13 (31.7)
Self-gratification for volunteering 5 (12.2)
Othera:
Interest in the success of COVID-19 public health measures
Learn more about collecting public health data
It looks good on a resume
Interested in public health & public health nursing

7 (17.1)

Abbreviation: COVID-19, Coronavirus disease 2019.
a “Other” motivations represent write-in responses

Figure 1. Percentage of People Observed Wearing a Face Mask Correctly in Hawai‘i Between 
September 5, 2020–March 13, 2021 (N=84 577)
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Discussion

Mitigating the spread of infections is critical to protecting 
public health and decreasing the strain on healthcare resources. 
Widespread use of masks in community settings can prevent the 
transmission of respiratory diseases caused by coronaviruses 
and other respiratory viruses.8 By developing an observational 
surveillance program to track face mask-wearing, patterns of 
usage can be more readily identified. The methodology described 
in this report can be used to assess mask-wearing behavior in 
relation to local mandates and other changing conditions in a 
community. Changes in mask usage can be assessed regard-
ing the resumption of in-person learning at schools, increases 
in tourism, social or holiday season activities, and changes in 
disease activity. Such information can inform public health 
education efforts and lead to more targeted messaging and 
outreach to populations at risk for COVID-19. For example, on 
October 15, 2020, the State of Hawai‘i initiated its pre-travel 
testing program, allowing all airline passengers arriving from 
out of state to be exempt from the 14-day mandatory quaran-
tine with a negative test result within 72 hours of departure. 
This policy resulted in a higher number of visitors to the state. 
Having the observational surveillance program in place before 
this policy change allowed emergency planners the ability to 
assess mask-wearing behavior as tourism activity rose in each 
county. Similarly, following an emergency proclamation by 
the governor on November 16, 2020, that established a single 
statewide mask mandate for the islands,4 the impact on mask-
wearing behaviors in public areas following this critical policy 
change could be tracked.

Following the program pilot, various adjustments were made. 
Volunteer feedback was incorporated into the program’s pro-
tocols. Improvements were made to the app to enhance the 
user experience and streamline data reporting. Volunteers were 
provided clarifying instructions on who to include in their ob-
servations and when to record their observations. For example, 
volunteers were instructed to exclude persons actively eating, 
drinking, smoking, or exercising. Such instructions aligned with 
mask-wearing guidelines provided by state and county govern-
ments.7 Observation site selection was refined to provide greater 
standardization of the data collected. The pilot phase of the 
project included a mixture of commercial areas and recreational 
areas (eg, parks, beaches). After the pilot stage of the project, 
the focus shifted to commercial areas. Furthermore, 1 airport 
was included as an observation site due to the importance of 
tourism in the local economy.

Global studies provide evidence for an association between 
community mask mandates and improved COVID-19 out-
comes.9 To date, little is known regarding adherence to state 
mandates regarding the use of face masks in public spaces in 
the United States. Similarly, little is known about the extent to 
which mask-wearing is becoming a social norm in the context 
of the COVID-19 pandemic. An observational study conducted 

in Wisconsin found that approximately 41% of shoppers wore 
a mask when entering retail stores in June 2020; mask-wearing 
behavior increased to over 90% in July and August following 
the enactment of mask mandates in the state.10 A statewide 
survey conducted in August 2020 asked Hawai‘i residents 
about self-reported mask-wearing behavior. The survey found 
that 84% reported wearing face masks all or most of the time 
while outside in a public space.11 A separate survey conducted 
in October 2020 asked Hawaii residents how often they wear 
a mask outside the home, to which 90% reported “multiple 
times in the past month.”12 An observational study of face 
mask usage in outdoor public spaces in Honolulu, Hawai‘i 
found that of the 200 individuals observed, 77% used face 
masks correctly; in contrast, 23% were incorrectly masked or 
not masked. 4 Observation data collected by this project during 
September 5, 2020, and March 13, 2021, showed that 83% of 
people wore masks correctly, 7% wore masks incorrectly, and 
10% wore no mask while out in public spaces. While there is an 
overall positive trend in mask-wearing across the state, Kaua‘i 
County exhibited lower percentages of correct mask-wearing 
than other counties. Kaua‘i County had consistently had lower 
disease rates than the other counties, potentially contributing 
to a lower level of concern about disease transmission. RSL 
recommends that the target metric for people wearing masks 
correctly in public areas be at least 80% or greater.3 In Hawai‘i, 
there is still room for improvement. 

A strength of the project has been that it provided citizens with 
the opportunity to engage in and contribute to the COVID-19 
public health response in their communities. Volunteers de-
scribed being motivated by a desire to serve their community, 
a sense of self-gratification for volunteering, and a willingness 
to learn about public health. Establishing a role for general citi-
zens to contribute to the public health response to a crisis can 
promote social connectedness and may ultimately contribute 
to community resilience.13 Understanding volunteer motivation 
for participating helped inform the project team’s volunteer 
recruitment and retention efforts.

The study has multiple limitations. Mask-wearing behaviors 
recorded by the study may not be representative of the overall 
population. Behaviors may differ if observations were re-
corded at different times or locations. Observers did not have 
knowledge of persons who could not wear masks for personal 
health or other reasons. It is important to note that the goal of 
the study was to assess changes in behavior and social norms 
in regards to mask-wearing in Hawai‘i rather than to assess 
compliance with regulations. Observations were independent 
of mask-wearing rules, as the observation is of behavior, not 
of compliance. Independent of local rules, national guidance 
recommend that mask-wearing is protective and should be done 
in a wide variety of settings.

Mask-wearing behaviors are influenced by how often people ob-
serve others wearing them.14 Regular reporting of mask-wearing 
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behaviors may serve as a means for encouraging the uptake of 
healthy behaviors in the community through public messaging. 
Mask-wearing is an indicator for which individuals can take 
action to make a difference. Other indicators for COVID-19 
response, such as ongoing dashboard reporting of case rates 
or lab positivity rates, or hospital bed availability, are of great 
interest to the public health response but are not necessarily 
empowering for the general public. Ongoing dashboard mask-
wearing data, in contrast, is something each individual has the 
power to change through their daily behavior. Implementation 
of a sound mask-wearing behavior monitoring system provides 
essential information to the DOH and the public.
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A Case Report of Antibiotic-Induced Aseptic Meningitis 
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Abstract

Although frequently prescribed, certain antibiotics such as trimethoprim-
sulfamethoxazole carry the risk of a rare yet life-threatening adverse effect, 
termed drug-induced aseptic meningitis. Morbidity can be avoided if the 
medication is identified and discontinued. Patients in reported cases tend 
to be female and have an autoimmune disease or prior adverse reaction to 
the offending agent. As a rare and poorly characterized condition, the subset 
of patients using antibiotics at risk for aseptic meningitis remains unclear; 
hence, cataloging these adverse events remains critical for better elucidating 
the disease. Here, we report a 62-year-old man with psoriasis and no prior 
history of sulfa allergy, who presented with a sudden onset of fever, chills, 
vomiting, and muscle aches 5 hours after taking single doses of trimethoprim-
sulfamethoxazole and ciprofloxacin. Common infectious causes were ruled 
out, and his medications were discontinued. Despite initial symptom resolution 
with discontinuation, the patient neurologically deteriorated over the next two 
days before eventually recovering with supportive care. This case highlights 
the variable presentation of drug-induced aseptic meningitis. In contrast to 
previous reports of drug-induced aseptic meningitis, our patient was male, older 
than the median age of 40 years, and did not have a prior adverse reaction to 
the antibiotic. Furthermore, to the best of our knowledge, we report a possible 
case of antibiotic-induced aseptic meningitis in a patient with psoriasis. Lastly, 
the case emphasizes not only the value of a thorough medication history but 
also the importance of recognizing that patients may deteriorate in the first 
48 hours before resolution.

Keywords

Trimethoprim, sulfamethoxazole, aseptic meningitis, drug-induced, adverse 
effect, TMP-SMX, meningitis, drug reaction

Abbreviations and Acronyms

ADR = adverse drug reaction 
CIAM = ciprofloxacin-induced aseptic meningitis
CSF = cerebrospinal fluid
DIAM = drug-induced aseptic meningitis
ED = emergency department
HIV = human immunodeficiency virus
IQR = interquartile range
NSAID = nonsteroidal anti-inflammatory drugs
PCR = polymerase chain reaction
SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2
SLE = systemic lupus erythematosus
TMP-SMX = trimethoprim-sulfamethoxazole
TNFα = tumor necrosis factor α
TSIAM = trimethoprim-sulfamethoxazole-induced aseptic meningitis

Introduction

First recorded in 1925 as a syndrome involving the acute onset 
of meningeal irritation, abnormal cerebrospinal fluid content 
with absence of bacterial involvement, and a brief clinical 
course, aseptic meningitis has since become recognized as an 
all-encompassing term for non-pyogenic meningitides.1,2 Aseptic 
meningitis can be further stratified as infectious (often viral) 
or non-infectious, with non-viral etiologies including drugs, 
neoplasms, and autoimmune diseases.1-6 Drug-induced aseptic 
meningitis (DIAM) is a rare condition that disproportionately 
affects females. It is most commonly documented as secondary 
to nonsteroidal anti-inflammatory drugs (NSAIDs), antibiot-
ics, intravenous immunoglobulins, monoclonal antibodies, 
and intrathecal agents.3-7 The median age of presentation is 40 
years (interquartile range [IQR], 28–58 years).7 In particular, 
NSAID- and antibiotic-induced DIAM have been strongly asso-
ciated with specific autoimmune and connective tissue diseases, 
including systemic lupus erythematosus (SLE), rheumatoid 
arthritis, Crohn’s disease, and Sjogren’s syndrome.8-16 Of the 
antibiotics, trimethoprim-sulfamethoxazole (TMP-SMX) is the 
most frequently reported agent associated with DIAM.4,5 The 
median age of those affected is 41 years (IQR, 24.5–61 years), 
and, consistent with DIAM, females are disproportionately af-
fected. Patients tend to have an autoimmune disease, previous 
exposure to the precipitating agent, or immunocompromise.4,5,7 
Ciprofloxacin-induced aseptic meningitis (CIAM) is an even 
rarer condition with few recorded cases to draw significant 
epidemiological trends.6,7 Notably, in a series of 192 cases of 
DIAM, 36% were antibiotic-induced, and, of these, 3% were 
associated with ciprofloxacin. In contrast, 46% were associated 
with TMP-SMX.6 In another series of 329 cases of DIAM, 
11% were antibiotic-induced, of which 16% were associated 
with TMP-SMX and none were associated with ciprofloxacin.7

Case Report

A 62-year-old Japanese American man with a history of psoriasis 
and benign prostatic hyperplasia was brought by his wife to 
the emergency department (ED) with fever, chills, vomiting, 
and muscle aches. One day prior, he visited his urologist and 
received a prostate massage as part of the examination. Five 
hours prior to his presentation, he took his first doses of cipro-
floxacin 500 mg and TMP-SMX 800–160 mg orally as prophy-
laxis for an upcoming prostate biopsy. Over several hours, he 
developed fever, chills, vomiting, dizziness, and muscle aches. 
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He denied having headache, neck stiffness, visual symptoms, 
focal neurologic symptoms, ataxia, abdominal pain, or sore 
throat. No seizures were noted by family members. Aside from 
ciprofloxacin and TMP-SMX, he did not take any other of his 
medications that day.

The patient’s medical history was significant for psoriasis, hy-
pertension, hyperlipidemia, and benign prostatic hyperplasia. 
His medications included amlodipine, losartan, atorvastatin, 
coenzyme Q10 supplements, calcipotriene, betamethasone, and 
triamcinolone ointments. He took these medications for several 
years without adverse reactions. Although he reported mild 
muscle aches with atorvastatin, it was resolved with coenzyme 
Q10 supplementation. Of note, he was not taking any tumor 
necrosis factor α inhibitors at this time. Medication allergies 
included erythromycin, from which he experienced a rash and 
low-grade fever, and penicillin and ampicillin, from which he 
experienced hives. His immunizations were up-to-date. He 
did not travel recently and did not have any sick contacts. The 
patient worked in his garden and water lily pond daily but does 
not recall mosquito bites and has not had significant exposure 
to fresh water.

His vitals in the ED were as follows: temperature 39.4°C, blood 
pressure of 136/91 mm Hg, heart rate of 111, and respiratory 
rate of 22 per minute. The patient was only noted to have mild 
tenderness in the left lower back to palpation on physical ex-
amination. Initial laboratory included a complete blood count 
notable for leukocytosis of 10.5 x 103/µL with a neutrophil 
predominance at 82% and lactic acid elevated to 3.3 mmol/L. 
The differential diagnosis at this time included gastroenteritis, 
sepsis secondary to his recent prostate massage, pyelonephritis, 
and discitis and osteomyelitis. Blood cultures and a urinalysis 
were obtained along with severe acute respiratory syndrome 
coronavirus 2, better known as SARS-CoV-2, and influenza 
polymerase chain reaction (PCR) tests. A chest x-ray, computed 
tomography of the abdomen and pelvis, and magnetic resonance 
imaging of the brain and thoracic spine were obtained. His daily 
medications and antibiotics were held, and he was empirically 
treated with cefepime and acetaminophen. His urinalysis, in-
fluenza, and imaging results returned negative and, after seven 
hours, his fever resolved, thus he was discharged home with 
ondansetron. He received a discharge diagnosis of back pain, 
nausea and vomiting, and fever, unspecified. His SARS-CoV-2 
test was negative. 

The next morning, he was found in a confused state upon awak-
ening, along with fever, chills, nausea, vomiting, and muscle 
aches. He was again brought to the ED. A review of symptoms 
in the emergency department was negative for focal weakness, 
numbness, seizures, visual loss, dizziness, and difficulty walking. 
The patient did not restart any of his antibiotics. He had a fever 
of 39.6°C and was given acetaminophen. A lumbar puncture was 
then performed. Cerebrospinal fluid (CSF) analysis revealed a 

pleocytosis of 63/mm3 with polymorphic neutrophils at 28%, 
monocytes at 60%, red blood cell count of 468/mm3, elevated 
total protein at 76 mg/dL, and normal glucose levels at 58 mg/
dL, which was consistent with meningitis. CSF cultures and gram 
stain were obtained, along with a meningitis/encephalitis PCR 
panel for Escherichia coli, Haemophilus influenzae, Listeria 
monocytogenes, Neisseria meningitidis, Streptococcus agalac-
tiae, Streptococcus pneumoniae, enterovirus, herpes simplex 
viruses 1 and 2, human herpesvirus 6, human parechovirus, 
varicella zoster virus, cytomegalovirus, and Cryptococcus 
neoformans/gattii. Also, separate rapid plasma reagin, herpes 
simplex viruses, and cryptococcal antigen tests were obtained. 
Blood cultures were again drawn, and computed tomography of 
the head was obtained, which was shown to be unremarkable. 
Because the patient had a known allergy to ampicillin, empiric 
treatment with vancomycin, meropenem, and acyclovir was 
started, and the patient was admitted for meningitis.

On hospitalization day 1, he developed a headache and contin-
ued to have altered mental status, fever, nausea, and myalgia. 
Both infectious disease and neurology teams were consulted 
for further management of meningitis. On hospitalization day 
2, symptoms persisted, and an electroencephalography revealed 
mild global dysfunction suggestive of encephalopathy but no 
seizures or epileptic abnormalities. His symptoms and neurologic 
status started to improve on hospitalization day 3, and empiric 
antibiotics were discontinued after cultures, rapid plasma reagin, 
PCR, and antigen tests were shown to be negative. At this time, 
the neurology team suggested DIAM as a possible diagnosis. 
On hospitalization day 4, the patient markedly improved and 
was discharged with a diagnosis of aseptic meningitis. Two 
weeks after discharge, he continued to have fatigue, but his 
cognition returned to baseline, and he denied having any other 
symptoms from his initial presentation. Two months since 
admission, the patient has not experienced any recurrence of 
symptoms or adverse effects from the disease; he returned to 
baseline and resumed his normal daily activities. Although an 
outpatient follow-up for a drug rechallenge was scheduled, the 
patient eventually decided not to undergo the test.

Discussion

Epidemiology

DIAM is predominantly observed in women and those with 
comorbid autoimmune disease.3-7 TSIAM is additionally as-
sociated with previous TMP-SMX exposure and functional 
immunocompromise, such as human immunodeficiency virus 
(HIV) infection.3-6 In TSIAM, the more frequent observation in 
female patients is thought to be due to higher rates of urinary 
tract infection, which is commonly treated with TMP-SMX, 
while the more frequent observation in HIV-infected patients is 
thought to be due to the use of TMP-SMX for prophylaxis against 
opportunistic infections.5 In addition, one series of 41 TSIAM 
cases identified 20% having comorbid autoimmune disease.5 
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The patient in our case is notable in that he is a male, older 
than the typical age of most DIAM patients, and has a history 
of psoriasis. Although comorbidity with psoriasis is consistent 
with the association between DIAM and autoimmune disease in 
general, the association between any antibiotic-induced aseptic 
meningitis and psoriasis, in particular, has not been reported in 
the literature to the best of our knowledge.

Etiology

NSAIDs are the most commonly documented cause of DIAM, 
followed by antibiotics, of which TMP-SMX is most frequently 
described.3-5,7 Other commonly reported causes of DIAM in-
clude intravenous immunoglobulins, monoclonal antibodies, 
intrathecal agents, and vaccines.3-6 Monoclonal antibodies that 
inhibit tumor necrosis factor α (TNFα) may be used to treat 
severe psoriasis.17 Several cases have documented an associa-
tion between TNFα inhibitors and severe psoriasis or psoriatic 
arthritis, leading to the entity termed TNFα inhibitor-associated 
aseptic meningitis.18-20 Of note, while there was no prior his-
tory of TNFα inhibitor use, our patient was exposed to several 
antibiotics during his clinical course. 

As symptoms are initiated upon taking TMP-SMX and cip-
rofloxacin, these medications are implicated as the causative 
agents by temporal association. A series of 329 cases reported 
that, of antibiotic-induced cases of aseptic meningitis, 16% were 
associated with TMP-SMX, while none were associated with 
ciprofloxacin.7 Another series of 192 cases of DIAM showed 
that, of all those involving antibiotics, 46% involved TMP-SMX, 
while only 3% involved ciprofloxacin.6 By extrapolation, TMP-
SMX would be the most likely cause of aseptic meningitis in 
our patient. Notably, the series further identified 16% of cases 
to involve trimethoprim alone, with 1% sulfamethoxazole only, 
suggesting that trimethoprim may be the more common cause 
of TSIAM.4,6 However, as clinical interests precluded the ability 
to conduct confirmatory tests, we cannot definitively exclude 
other administered antibiotics for contributing to the patient’s 
disorder (ie, the aseptic meningitis in this case). While thought 
to be likely due to TMP-SMX, this reaction could have also been 
caused by ciprofloxacin, trimethoprim alone, sulfamethoxazole 
alone, or even another unidentified trigger.

As the definitive diagnosis of adverse drug reactions (ADRs) 
remains challenging, several semi-quantitative measures of 
causality have been developed.21-28 Utilizing a ten-question 
survey published in 1981 by Naranjo et al, our patient was 
deemed to have had a possible ADR.22 While useful for reduc-
ing inter-rater disagreements and categorizing the probability 
of ADRs, ultimately, these algorithms do not confirm causality 
nor accurately measure the likelihood of an ADR.22,28 Moreover, 
many questions in these algorithms rely on a drug rechallenge 
test, which is usually clinically impractical and often unethi-
cal.21 Hence, by nature of the questions (ie, use of arbitrary 

weights per question and requirement of a drug rechallenge), 
the causality grades of these algorithms are practically limited 
to no higher than possible ADR.22,28   

Pathophysiology

The two commonly hypothesized mechanisms of DIAM include 
either a direct irritation of the meninges, particularly with intra-
thecal administration of drugs, or an immunologic hypersensitiv-
ity reaction with systemic administration.3,4 The association of 
DIAM with autoimmune disease favors an immune-mediated 
mechanism, especially in our patient, as intrathecal drugs were 
not administered. Sulfonamide antibiotics such as TMP-SMX 
are commonly associated with hypersensitivity reactions.20 
Hypersensitivity reactions to TMP-SMX are generally not me-
diated by type I hypersensitivity and tend to be non-immediate 
in presentation.4,5,29 In addition, type II hypersensitivity only 
would occur if the drug or metabolites are introduced into the 
CSF.3-5 Therefore, in our patient, a type III or IV hypersensitiv-
ity mechanism is most likely. A series of 41 cases of TSIAM 
showed that the onset of symptoms generally occurred in the 
order of hours to days, consistent with type III or IV.5 In addi-
tion to hypersensitivity, the recently described concept of p-i 
interactions may also have a role in TSIAM.5,29 In this concept, 
drugs may bind directly to receptors on T cells, activating them. 

5,29 As psoriasis is also a T cell-mediated disease, the meningitis 
in our patient may have been T cell-mediated as well.30 T cells 
are also the major mediator of cutaneous manifestations of 
TMP-SMX hypersensitivity, such as Stevens-Johnson syndrome 
and toxic epidermal necrolysis.29

While the relation between psoriasis and DIAM is only a 
conjecture, other studies have linked DIAM with other autoim-
mune diseases.4 Moreover, autoimmune diseases are often are 
comorbid with each other—psoriasis, in particular, has been 
found to be associated with SLE, rheumatoid arthritis, Crohn’s 
disease, celiac disease, multiple sclerosis, and autoimmune 
thyroid disease.31,32 By extension, DIAM—an immune-mediated 
inflammation of the meninges—may potentially also be linked 
to psoriasis. Indeed, psoriasis has been found to be associated 
with increased odds of meningitis.33

Clinical Manifestations

Previous reports of TSIAM have shown that the onset of symp-
toms generally occurs within hours to days after TMP-SMX 
ingestion; however, a few reported cases have an onset after 3 
months.5,6 The presentation is similar to that of other meningiti-
des: fever, headache, altered mental status, nausea, vomiting, 
and signs of meningismus, though many other manifestations 
may occur.1-6 Alarming manifestations such as hypotension, 
seizures, and coma have also been reported.4,5 However, initial 
presentations can be vague, as in the patient in our case, who 
presented with flu-like symptoms without headache. Even with 
discontinuation of the offending agent, patients may continue 
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to deteriorate clinically as the drug continues to be absorbed.5 
A series of 41 cases of TSIAM noted patients that deteriorated 
within the first 24 hours after discontinuation and recovered 
within 3 days.4 This is highlighted in our case, in which our 
patient was initially stabilized in the ED, sent home, only to 
present once more with deteriorating clinical status. This po-
tential to worsen is hypothesized to be due to accumulation of 
the drug in body tissues, while resolution represents clearance 
of the drug.5 The observed recovery time within 3 days may be 
explained by the pharmacokinetics of TMP-SMX. As the half-
life of TMP-SMX is 10 hours, recovery within 3 days correlates 
with 5 to 7 half-lives, which correlates to 95% to 99% of drug 
clearance.4 Our patient was noted to improve on hospital day 
3 and markedly improved on day 4, which is in concordance 
with the pattern suggested by TMP-SMX’s pharmacokinetics.

Diagnosis

DIAM is a diagnosis of exclusion.3-5 Patients present with aseptic 
meningitis characterized by pleocytosis, elevated proteinor-
rhachia, and normal glycorrhachia in the CSF, though these 
findings are nonspecific.3-5 Importantly, routine cultures will 
be negative.3-5 However, the differential diagnosis of potential 
pathogens causing aseptic meningitis is extensive.34 A limita-
tion of our case is that, while workup for viral pathogens was 
performed, only pathogens specifically included in the panel 
tests were excluded. However, the meningitis panel used in 
this case was relatively sensitive, with a very high negative 
predictive value.35 Thus, the most common viral causes were 
most likely ruled out, and viral meningitis was thought to be 
less likely. In practice, a detailed history of medications, onset 
of symptoms, and observing recovery after discontinuation are 
key components of the diagnosis.3-6 

The most reliable method of diagnosing DIAM is by drug 
rechallenge.3-6 However, this may be unethical or impractical 
for many patients, particularly in this case’s patient, in whom 
the neurologic manifestations were severe and distressing. In 
addition, empiric antibiotics are often started after obtaining 
cultures and CSF samples in patients presenting with meningi-
tis.4,5,36-39 While the patient’s CSF findings of mild pleocytosis 
with a monocytic predominance, normal glucose, and mildly 
elevated protein rule against bacterial meningitis, it should 
be noted that a limitation of our study is that the patient took 
ciprofloxacin, TMP-SMX, and cefepime upon presenting for 
his first ED visit. This may have caused the sterile CSF cul-
tures collected during his second ED visit and may have also 
dampened potentially markedly abnormal CSF findings that 
would have been present before antibiotic use. Thus, the col-
lection of CSF before empiric antibiotic therapy is essential, as 
it can be difficult to distinguish DIAM from an incompletely 
treated bacterial meningitis.3-5,40 However, given that TSIAM is 
more common, in addition to the overall presentation of recent 
TMP-SMX use in a patient with autoimmune disease, negative 
tests for common infectious causes, CSF findings suggestive 

of aseptic meningitis, the improvement after discontinuation, 
TSIAM was thought to be the most likely cause of the patient’s 
aseptic meningitis.

Management and Prognosis

Discontinuation of the offending drug is the mainstay of treat-
ment for DIAM.3,5,6 In practice, many patients with suspected 
meningitis are treated with empiric antimicrobial agents, as in 
this case.5,36-39 Otherwise, management is primarily supportive.3,5 
With discontinuation of the offending drug, resolution of both 
symptoms and CSF abnormalities typically occurs within days.3 
In TSIAM, symptoms resolve within 2–3 days, which correlates 
with enough half-lives of TMP-SMX for near-complete drug 
elimination.5 Ultimately, full recovery is expected for most 
patients, though many patients will experience a recurrence 
if re-administered TMP-SMX, and thus should be advised to 
avoid TMP-SMX.5 In this case, the patient, began improving 
on day 3, with discharge by day 4, which generally agrees with 
the concept of drug elimination as the mechanism of recovery. 
The patient was fully recovered within 2 months. The delay 
in complete recovery may be caused by residual inflammation 
from the acute phase of the condition. 

Conclusion

In summary, we report a possible case of antibiotic-induced 
aseptic meningitis in a patient with psoriasis. As our patient 
diverged from the common epidemiologic trends, this case 
highlights the variable presentation of DIAM. Despite antibiotic 
discontinuation, the patient neurologically deteriorated over 48 
hours before eventually recovering with supportive care. Further-
more, while autoimmune disease has been observed to increase 
risk, aseptic meningitis caused by antibiotics in patients with 
psoriasis, in particular, has yet to be reported in the literature. 
Lastly, in patients presenting with aseptic meningitis, this case 
emphasizes the value of a thorough medication history. When 
DIAM is suspected, clinicians should remain aware that patients 
may experience an initial period deterioration, depending on 
the implicated drug’s pharmacokinetics.
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Utility of Routine Testing for Chlamydia and Gonorrhea 
in the Setting of Preterm Delivery or Premature Preterm 
Rupture of Membranes

Kaitlynn Ebisutani MD; Charlie K. Wang MD; Hyeong Jun Ahn PhD; 
Autumn J. Broady MD; and Bliss Kaneshiro MD, MPH

Abstract

This study aimed to explore the rates of positive and negative Chlamydia 
trachomatis and Neisseria gonorrhoeae test results in patients screened for 
these infections and later experienced preterm delivery or preterm premature 
rupture of membranes. The team conducted a retrospective chart review 
of patients admitted for preterm premature rupture of membranes or who 
experienced preterm delivery between April 1, 2009, and April 30, 2015. 
Patients lacking chlamydia and gonorrhea screening before admission were 
excluded from the study. Four hundred and six patients met the inclusion 
criteria. The prevalence of chlamydia infection at initial prenatal screening 
before admission was 13.3%. Among those for whom the prenatal chlamydia 
test was negative, 1.7% of patients had a positive subsequent chlamydia test 
on admission screening. Among those for whom the prenatal chlamydia test 
was positive, 18.5% had a positive subsequent chlamydia test on admission 
screening. Positive prenatal test (P=.002) and age 25 years or less (P<.001) 
were associated with positive admission screening for chlamydia, though only a 
positive prenatal test remained significant in a logistic regression model (odds 
ratio, 8.56; 95% CI, 2.67–27.49; P=.003). The prevalence of gonorrhea was 
low at 0.2% of patients positive for gonorrhea at prenatal testing and 0.5% of 
patients positive for gonorrhea at admission testing. Our results suggest that 
individualization based on patient characteristics may be utilized to decrease 
re-testing. More research is needed to identify possible additional risk factors 
for new infection or re-infection and the most optimal timing for re-screening 
during the prenatal period. 

Abbreviations and Acronyms

ACOG = American College of Obstetricians and Gynecologists
CDC = Centers for Disease Control and Prevention 
KMCWC = Kapi‘olani Medical Center for Women and Children
NICU = neonatal intensive care unit
PTD = preterm delivery
PPROM = preterm premature rupture of membranes
STI(s) = sexually transmitted infection(s)
US = United States 

Background

In the United States (US), chlamydia and gonorrhea are the 
first and second most commonly reported sexually transmit-
ted infections (STIs). In 2017, more than 1.7 million cases of 
chlamydia and more than 550 000 cases of gonorrhea were 
reported to the Centers for Disease Control and Prevention 
(CDC).1 Chlamydia and gonorrhea result in urogenital infections, 
extragenital infections, and sequelae detrimental to fertility and 
neonatal outcomes. Males present with symptoms of urethritis 

and epididymitis, and females present with urethritis, cervicitis, 
and pelvic inflammatory disease. In both men and women, as-
ymptomatic infection is common.2,3 Preterm premature rupture 
of membranes (PPROM) complicates 3% of pregnancies, and 
in turn, is responsible for one-third of all preterm births.4

Studies exploring the role of chlamydia infection as a cause 
of preterm delivery (PTD) are mainly observational and yield 
mixed results, so the extent to which infection adversely af-
fects pregnancy remains controversial.5 Most studies suggest 
chlamydial infection increases the risk of PTD, PPROM, and 
low birthweight infants.6-10 Rours et al noted the risk of PTD 
before 32 weeks was significantly higher among women with 
chlamydia than those who tested negative after adjustment 
for age and socio-economic background (odds ratio [OR], 
4.35; 95% CI, 1.3–15.2).15  Some studies, however, have not 
demonstrated an increased risk of these outcomes.5,11-14 A re-
cent large observational study of more than 100 000 women 
did not find an association between chlamydial infection and 
preterm birth, small for gestational age infants, or intrauterine 
fetal demise.16 Neonates who acquire chlamydia at the time of 
delivery are at risk for conjunctival infections and Chlamydia 
trachomatis pneumonia.2  

Similar to results of studies examining outcomes associated 
with maternal chlamydia infection, studies of outcomes associ-
ated with maternal gonococcal infection have yielded mixed 
results. Most studies of maternal gonococcal infection note 
associations with low birth weight and small for gestational 
age infants though some studies have also found a higher risk 
of PPROM and PTD in individuals with gonorrhea.14,17-21 Stud-
ies also suggest associations of maternal gonococcal infection 
with spontaneous abortion, intrauterine growth restriction, 
and chorioamnionitis.14,17-20 A recent study in Washington state 
found a significantly increased risk of low birthweight, but not 
of PTD, PPROM, chorioamnionitis, or infant admission into a 
neonatal intensive care unit (NICU).22 If untreated, transmission 
of gonorrhea from mother to infant occurs in 30% to 50% of 
cases.23 Neonatal complications include neonatal conjunctivitis, 
pharyngitis, and arthritis.3

The American College of Obstetricians (ACOG) recommends 
screening all pregnant women at the initial prenatal visit for 
chlamydia and re-screening women at risk for a new infection 
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in the third trimester. Patients are considered to be at a higher 
risk for a new infection if they have new or multiple sex part-
ners, a sex partner with concurrent partners, or a sex partner 
who has a STI.1,2 The CDC has more limited recommendations 
for screening than ACOG and recommends screening pregnant 
women who are 25 years of age or younger and women of any 
age who have risk factors for infection. ACOG and the CDC 
recommend gonorrhea screening during pregnancy in patients 
25 years of age or younger, those with risk factors for infec-
tion (previous or coexisting STI, new or multiple sex partners, 
inconsistent condom use among persons not in mutually mo-
nogamous relationships, exchanging sex for money or drugs), 
and those living in high-morbidity areas.24 

In the current study, patients at our institution admitted for 
PPROM or experienced PTD during the study period were 
routinely screened for gonorrhea or chlamydia regardless of 
whether they had been previously screened. This study was 
not based on any national recommendation but was performed 
at our institution for many years. We sought to evaluate the 
utility of this practice. Data regarding admission to the NICU, 
chorioamnionitis, and neonatal sepsis were collected to assess 
the prevalence of these outcomes in the setting of maternal 
chlamydia or gonococcal infection. 

Materials and Methods

The primary objective of this retrospective, descriptive study 
was to determine the prevalence of chlamydia among patients 
admitted for PPROM or experienced PTD who had a negative 
chlamydia test earlier in pregnancy. PTD was defined as delivery 
before 37 weeks’ gestation, and PPROM was defined as rupture 
of the amniotic membrane before 37 weeks without the onset 
of labor. We also sought to identify risk factors for chlamydia 
at the time of admission so that testing could be done more 
selectively. Gonorrhea and chlamydia testing are typically done 
at the same time, with the same sample. Specimens collected 
were tested for chlamydia and gonorrhea using the Aptima 
Combo 2 assay, with associated test sensitivity of 97.8% and 
specificity of 99.2%. Though we planned to describe the results 
of gonorrhea testing, we did not seek to identify risk factors 
for gonorrhea because of the suspected lower prevalence of 
gonorrhea in the current population.  

Using International Classification for Diseases, Ninth Revision 
(ICD-9) codes, we identified patients who met our inclusion 
criteria at Kapi‘olani Medical Center for Women and Children 
(KMCWC) between April 1, 2009, and April 30, 2015. We fur-
ther limited our cohort to women who (1) had a chlamydia test 
result from a date before admission, which we termed “antenatal 
screening”, and (2) had a screening for chlamydia at the time 
of admission, which we termed “admission screening.” We 
excluded those who did not have prenatal screening for chla-
mydia before admission as these patients should have testing 
done at the time of admission per ACOG guidelines.24,25 Charts 
were individually reviewed to verify diagnoses and test results.     

In addition to gonorrhea and chlamydia test results, we col-
lected demographic and clinical information. At KMCWC, 
race is self-reported and entered into the electronic medical 
record. An individual could identify with more than 1 race. If 
an individual identified with multiple races, they were analyzed 
by each race they best identified. Since individuals could be 
counted in more than 1 racial category, we did not compare any 
outcome between races (for example, Asian versus white) but 
compared single racial categories with the rest of the population 
(for example, Asian versus non-Asian) because of the increased 
presence of multiracial individuals in the study population. We 
reported demographic characteristics by race for all races for 
which more than 30 participants were identified. We described 
patients’ demographic and clinical characteristics by frequency 
and percentage for categorical variables and mean and standard 
deviation for continuous variables. We evaluated associations 
between gonorrhea and chlamydia test results and other vari-
ables using chi-square or Fisher’s exact tests. All analyses were 
conducted using SAS software, version 9.4 (SAS Institute, Cary, 
NC). A P value of less than .05 was considered statistically 
significant. We determined the proportion of patients who had 
admissions to the NICU and a diagnosis of chorioamnionitis or 
neonatal sepsis based on ICD-9 codes. This study was granted 
exempt status from Institutional Review Board approval by the 
Hawai‘i Pacific Health Research Institute (HPHRI 2015-076).  

Results

The demographics and clinical characteristics of the study 
population are presented in Table 1. Among the demographics 
listed in Table 1, a previous positive prenatal chlamydia test 
was the only factor significantly associated with a positive 
chlamydia test result upon admission screening. During the 
study period, there were 406 patients admitted for PPROM or 
resulting PTD who had both antepartum and admission test for 
chlamydia. Of the 406 patients who met our inclusion criteria, 
352 patients (86.7%) had negative prenatal chlamydia tests, 
and 54 (13.3%) had positive prenatal chlamydia tests (Figure 
1). Of the 352 patients who had negative prenatal chlamydia 
tests, 346 (98.3%) had negative chlamydia tests on admission, 
and 6 (1.7%) had positive chlamydia tests on admission. Of the 
54 patients with positive prenatal chlamydia tests, 44 (81.5%) 
had negative chlamydia tests on admission, and 10 (18.5%) had 
positive chlamydia tests on admission. Regardless of prenatal 
chlamydia test results, of the 406 patients, 16 (3.9%) had positive 
chlamydia tests on admission, and 390 (96.1%) had negative 
chlamydia tests on admission.

Of the 54 patients with positive prenatal chlamydial tests, treat-
ment was documented in the medical record for 46 (85.2%) 
of them. Of the 8 patients with positive prenatal chlamydial 
tests who did not have documented treatment, 1 (12.5%) 
tested positive, and 7 (87.5%) tested negative upon admission 
screening for chlamydia. The resolution of positive test results 
for patients without documented treatment is likely because of 
the incomplete nature of some medical records, as explained 
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Table 1. Demographics and Clinical Characteristics of the Study Population

Characteristics
Negative Admission Chlamydia 

(n=390) 
n (%)

Positive Admission Chlamydia 
(n=16)
n (%)

P Valuea

Positive antenatal test 44 (11.3) 10 (62.5) <.001
Age, 25 years or younger 166 (42.6) 13 (81.3) .002
PPROM at admission 126 (32.3) 2 (12.5) .107
History of preterm delivery 39 (10.0) 0 (0.0) .38
Insurance type
Unknown/uninsured 2 (0.6) 0 (0.0)

.56
Public 187 (47.9) 11 (68.8)
Private 185 (47.4) 5 (31.3)
Military 16 (4.1) 0 (0.0)
Gestational age at delivery, weeks
Less than 24 10 (2.6) 0 (0.0)

.76
24 to 27+6b 47 (12.1) 3 (18.3)
28 to 31+6b 62 (15.9) 3 (18.3)
32 to 36+6b 271 (69.5) 10 (62.5)
Race
Filipino 181 (46.4) 8 (50.0) .78
White 179 (45.9) 5 (31.3) .25
Hawaiian 152 (39.0) 5 (31.3) .53
Chinese 102 (26.2) 4 (25.0) .92
Japanese 80 (20.5) 2 (12.5) .43
Micronesian 27 (6.9) 4 (25.0) .008

Abbreviations: PPROM, preterm premature rupture of membranes.
a P values <.05 considered to be statistically significant, reflecting an association with a positive chlamydia test.
b “+6” in reference to number of days of gestation, in addition to the previous value indicating weeks of gestation.

Figure 1. Chlamydia Prenatal Screening Results and Subsequent Admission Screening Results for 
Patients Admitted for PPROM or Experienced PTD.
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Figure 2. Gonorrhea Prenatal Screening Results and Subsequent Admission Screening Results for 
Patients Admitted for PPROM or Experienced PTD.

Abbreviations: NICU, neonatal intensive care unit.
a P values <.05 considered to be statistically significant, reflecting an association with a positive chlamydia test.

Table 2. The Association of Chorioamnionitis, Neonatal Intensive Care Unit Admission, 
and Neonatal Sepsis Events with Chlamydia Test Results

Diagnosis
Negative Admission Chlamydia 

(n=390) 
n (%)

Positive Admission Chlamydia 
(n=16) 
n (%)

P Valuea

Chorioamnionitis 43 (11.0) 3 (18.8) .34
NICU admission 310 (79.5) 12 (75.0) .66
Sepsis in newborn 46 (11.8) 1 (6.3) .49

further in the limitations of the study. Patients also might have 
gone to different facilities or providers and received treatment 
that was not documented in the electronic medical record. Of 
the 46 patients with positive prenatal chlamydial tests who did 
receive treatment, 9 (19.6%) tested positive, and 37 (80.4%) 
tested negative upon admission screening for chlamydia. The 
higher rates of positive chlamydia results upon admission for 
patients with documented treatment might be related to incom-
plete treatment or re-infection.

Six patients who had antepartum tests and admission tests for 
chlamydia did not have concurrent gonorrhea tests, including 
4 patients who did not have prenatal tests for gonorrhea and 2 
patients who did not have admission tests for gonorrhea, leaving 
400 patients available for the analysis of gonorrhea test results. 
We could not ascertain the reason for this testing discordance 
from reviewing the medical record. Of the 400 patients who 
had prenatal and admission tests for gonorrhea, 2 tested positive 
at admission (0.5%), as shown in Figure 2. One patient had a 
positive prenatal test (0.2%) but tested negative at admission.

The mean age of patients who tested positive for chlamydia 
on admission was 21.8 (standard deviation [SD], 4.9) years, 
compared to a mean of 27.2 (6.2) years for patients who tested 
negative on admission (P=.16). Mean gestational age on admis-
sion was no different in those who tested positive and those who 
tested negative for chlamydia on admission, with a mean (SD) 
of 229.9 (26.2) days versus a mean (SD) of 223.0 (24.3) days. 

The 3 factors that showed significant association with a posi-
tive chlamydia test on admission were age 25 years or younger 
(OR, 5.85; 95% CI 1.64–20.85), a positive antepartum test for 
chlamydia (OR, 13.11; 95% CI, 4.54–37.82) and Micronesian 
race (OR, 4.48; 95% CI, 1.35–14.84) (Table 1). From a logistic 
regression model adjusting for the 3 significant variables, only 
a positive antepartum test for chlamydia remained significantly 
associated with a positive test on admission (OR, 8.56; 95% CI, 
2.67–27.49; P=.003), while age 25 years or younger (P=.089) 
and Micronesian race (P=.650) were not significant.
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If admission testing for chlamydia were done only in women 
who were 25 years of age or younger, we would have tested 179 
individuals and detected 13 of 16 (81.3%) chlamydia infections. 
If we had tested only patients with a positive antepartum test 
and those who were 25 years of age or younger, we would have 
tested 192 individuals and detected 14 of 16 (87.5%) chlamydia 
infections on admission.  

Table 2 reports the percentages of patients with positive and 
negative admission chlamydial tests who had chorioamnionitis, 
NICU admission, or a diagnosis of neonatal sepsis. A higher 
percentage of patients with positive chlamydia tests on admis-
sion had chorioamnionitis, though this was not statistically 
different (18.8% versus 11.0%; P=.34).  

Discussion

During pregnancy, routine screening for chlamydia is recom-
mended by ACOG and the CDC in women 25 years of age or 
younger and those with risk factors for infection.24,25 These 
recommendations are important because most patients with 
chlamydia are asymptomatic, and most studies suggest a higher 
risk of neonatal morbidity when a pregnancy is complicated by 
infection.2 At our institution, it was common to re-screen patients 
at the time of admission for PTD or PPROM regardless of risk 
factors or the results of screening earlier in pregnancy. Among 
those who were re-screened at the time of admission, 3.9% 
had a positive test for chlamydia, and 0.5% had a positive test 
for gonorrhea. Despite the abundance of STI statistics in non-
pregnant women, there are minimal data reflecting the prevalence 
of STIs among pregnant women. In a study using self-reported 
data from the Pregnancy Risk Assessment Monitoring System in 
5 states (Arkansas, Delaware, Mississippi, Missouri, and New 
York State), 2.4% of patients reported being diagnosed with a 
positive chlamydia result, and 0.5% of patients reported being 
diagnosed with a positive gonorrhea result.26 In comparison, 
our population had a slightly higher percentage of chlamydia 
and a similar percentage of gonorrhea.

The CDC reports a rate of 542 chlamydia cases per 100   000 popu-
lation in Hawai‘i, similar to the US average of 539 chlamydia 
cases per 100 000 population.1 Reported rates of chlamydia are 
dependent on the actual burden of disease in a population and 
the likelihood of getting screened. Women’s rate of chlamydia 
is twice that of men because of a higher likelihood of being 
screened (692.7 per 100 000 for US women versus 380.6 for 
US men).1 Chlamydia infection also varies by age, with rates 
being highest in women ages 20 to 24 (4064 per 100 000) and 
ages 15 to 19 (3307 per 100 000).1 As women get older, rates 
decline. The rate of chlamydial infection is 176.6 per 100 000 
in US women ages 40 to 44 years.1 In our cohort, we similarly 
noted that age was associated with having a positive admission 
screening test upon admission for PTD and PPROM. However, 
this was not significant after adjustment for having a previous 
test in pregnancy. This retrospective study suggests limiting re-

screening to those who were 25 years of age or younger or had 
a positive test earlier in pregnancy would reduce the number 
of tests while identifying most patients with chlamydia. In this 
cohort, approximately half of patients would not have required 
re-testing, and still, the majority (87.5%) of positive cases 
would have been identified on admission. Based on results of 
past studies examining maternal chlamydia infection, missing 
12% of maternal chlamydia infections by reducing re-screening 
could result in increased rates of associated adverse neonatal 
outcomes.6-10 Further research is needed to identify better fac-
tors that could safely be used to select patients who would most 
benefit from re-screening. 

Gonorrhea is less common than chlamydia, and this was also 
demonstrated in our population, with 1 patient testing positive 
during antepartum testing and 2 patients with positive tests on 
admission. The rate of gonorrhea in Hawai‘i is 105 per 100 000
population.1 The lower rate of gonorrhea in this cohort limits 
the ability to make recommendations beyond those already 
established by national organizations. Both ACOG and CDC 
recommend re-screening patients for gonorrhea based on 
whether an individual has an ongoing risk of infection.2,24 In 
clinical practice, gonorrhea and chlamydia tests are commonly 
conducted and processed from the same specimen, so it is often 
practical to do the tests simultaneously. 

There are several limitations to this study. The data were limited 
to information available in the electronic medical record, so we 
were not able to ascertain information about some risk factors, 
particularly those that pertained to sexual partners. Prenatal 
records and test results for many patients were gathered through 
a review of prenatal records from outpatient offices and labora-
tories rather than from the hospital’s electronic medical record 
because most physicians did not use the same electronic medical 
record system as the hospital. Some records were incomplete, 
which may explain why some patients who had a positive pre-
natal chlamydia test but did not have a documented treatment 
tested negative for chlamydia on admission. Incorporating risk 
factors (new or multiple sex partners, inconsistent condom use, 
STI identified in a sexual partner, persons not in mutually mo-
nogamous relationships, exchanging sex for money or drugs) 
outlined by the CDC for gonorrhea or chlamydia would have 
further enhanced our ability to identify those in whom screen-
ing on admission was warranted. The wide confidence intervals 
generated in our analysis are a reflection of the limited sample 
size. In particular, given limitations of sample size, particularly 
in the group of patients who tested positive for chlamydia on 
admission, conclusions cannot be drawn about the associations 
between a positive test for chlamydia and chorioamnionitis, 
NICU admission, and sepsis.

Findings from this study have implications for clinical practice. 
During the study period, patients at our institution admitted 
for PTD or PPROM were routinely screened for gonorrhea or 
chlamydia regardless of previous screening results or their age. 



HAWAI‘I JOURNAL OF HEALTH & SOCIAL WELFARE, JUNE 2021, VOL 80, NO 6
139

This study suggests that re-screening at the time of admission 
can be more personalized based on patient characteristics, and 
repeat testing in many individuals can be eliminated. Further 
studies are needed to determine the optimal timing and frequency 
of re-screening in high-risk populations. 
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‘āina
ali‘i 
Hawai‘i
kūpuna 
Kaua‘i
Lāna‘i

Mānoa
Māori
Moloka‘i
O‘ahu
‘ohana 
Wai‘anae
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