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Burden of Opportunistic Infections in Hospitalized Patients with MS 

 

Introduction 

 

Multiple sclerosis (MS) is a chronic immune-mediated central nervous system disorder that 

requires immunomodulating or immunosuppressive disease modifying therapies (DMTs). As 

with all immunosuppressive therapies, those used to treat MS carry the risk of opportunistic 

infections (OIs).1 An OI is defined as either (1) an infection that does not cause disease in 

healthy people but becomes pathogenic in those with an impaired immune system or (2) an 

unusually severe infection caused by routine pathogens. In MS clinical trials, the OIs reported 

include progressive multifocal leukoencephalopathy, herpes virus infections, hepatitis B virus 

infection, and disseminated tuberculosis.2-9 However, based on the mechanism of action of the 

DMTs, it is likely that other OIs may also be a concern. Case series and case reports of patients 

with MS have also identified OIs such as cryptococcus, Kaposi sarcoma, toxoplasmosis, 

pneumocystis pneumonia, nocardiosis, and listeriosis.10-21  

 

A recent study by Gahedri et al found that infection related hospitalizations were 3-5 times 

higher in people with MS than the general public.22 This is unsurprising given that infections can 

lead to worsening MS symptoms, especially in the case of fever.23 Immunocompromised patients 

are at an increased risk of OIs when hospitalized, however this risk is expected to be even greater 

when the admitting diagnosis is an infection. A nationwide cohort study in Sweden showed that 

MS patients have a higher risk of OIs than the general population,24 but it is unknown if the 

higher risk of infection may be confounded by the added risk of hospitalization.  

 

To our knowledge, there are no population-based studies that compare the incidence of hospital 

acquired OIs among MS patients vs non-MS patients in the US. The primary objective of this 

study was to compare the risk of hospital acquired OIs in patients with MS vs non-MS who’s 

primary diagnosis was not an infection that put them at risk for a hospital acquired OI. The 

secondary objective was to compare the overall risk of OIs in hospitalized patients (non-primary 

diagnosis).  
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Methods 

 

 Data Source 

 

A cross-sectional, population-based, secondary analysis of the 2018 data from the Agency for 

Healthcare Research and Quality (AHRQ) Healthcare Cost and Utilization Project (HCUP) 

National Inpatient Sample (NIS) was performed. NIS is the largest publicly available all-payer 

database of US hospitalized patients and approximates 97% of discharges from US hospitals. 

The NIS is a stratified sample of hospitals drawn from the subset of hospitals in 48 states that can 

be matched to the American Hospital Association (AHA) survey data. The strata are based on 

region, location/teaching status, bed size, and ownership. From the 60 strata, 20% of the 

hospitals are randomly drawn and 100% of the discharges from the sampled hospitals are 

included (>7 million hospitalizations). The discharge weights are constant for all discharges 

within each stratum, and therefore, the sum of all the sample weights in each stratum represents 

the total number of discharges reported in the AHA survey (>35 million hospitalizations). Data 

from each record contains information regarding patient demographics, diagnoses (40 ICD-10-

CM codes), procedures, and other information associated with a hospital admission. The study 

was considered exempt by the Institutional Review Board, as HCUP-NIS database is a publicly 

available and nonidentifiable data source. 

  

Population and Variables 

 

Adult (age ≥18) patients were included if their primary diagnosis code was not for an OI or 

another infection that increases the risk for an OI (ICD-10 code beginning with ‘A’, ‘B’, ‘J00-

J22’, L00-L08, or ‘N39.0’). The ICD-10-CM codes for OIs can be found in the appendix. The 

MS cohort was identified based on the presence of an ICD-10-CM code ‘G35’. The control 

group constituted those without a diagnosis code for MS.  The primary outcome was a secondary 

diagnosis for a hospital acquired OI. The secondary outcome was secondary diagnosis for any 

type of OI.  

 

Patient and Hospital characteristics 
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Patient and hospital level covariates were already provided in the NIS database. Patient-level 

covariates included demographics (age, sex, race, primary payer, rural urban code, census region, 

median household income), admission status (elective or non-elective), and presence of an ED 

record. The hospital characteristics included location/teaching status, bed size, and ownership. 

To further reduce selection bias, we utilized the Elixhauser comorbidity software (ECS) refined 

for ICD-10 CM diagnoses, v2021.1. ECS identifies 38 pre-existing conditions based on 

secondary diagnoses.  From the ECS variables, we selected conditions more common in people 

with MS which have also been associated with poorer health outcomes. These variables included 

diabetes, hypertension, depression, and obesity. From the clinical classification software, we 

extracted the variables related to tobacco use and socioeconomic status. 

  

Statistical Analyses 

  

Given the complex sampling design of HCUP-NIS, statistical analyses were performed using 

PROC SURVEY procedures in SAS version 9.4, unless specified. In all statistical models, an 

alpha level of 0.05 was chosen. We compared the summary statistics using chi-square for 

categorical variables and Student’s t-test for continuous variables. To identify independent 

predictors of OIs, multivariable logistic regression and modified Poisson models were 

developed. We used PROC SURVEYLOGISTIC to estimate adjusted odds ratios (OR) and 

PROC GENMOD to estimate adjusted prevalence ratios (PR). With the GENMOD procedure, 

we were able to account for in-hospital correlations, but not the complex clustered sampling 

methodology. We reported the effect estimates, P values, and 95% confidence intervals (CI).  

  

Results 

  

In 2018, approximately 25,806,394 adult patients were hospitalized with a non-infection related 

primary diagnosis. Of this study population, the MS cohort represented 0.47% (n=115,180). 

Figure 1 details the study population.  
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Figure 1 Study Population: aSelect infections identified by ICD-10 code beginning with ‘A’, ‘B’, ‘J00-J22’, L00-

L08, or ‘N39.0’. The ICD-10-CM codes for OIs can be found in the appendix. bMS Identified by ICD-10 code ‘G35’ 

 

Bivariate Analyses 

 

The respective incidences of a secondary hospital OI in the MS and control groups were 0.93% 

(1,070/115,180) and 0.50% (129,175/25,691,214), resulting in an unadjusted RR of 1.848 

 (95% CI 1.620 to 2.108) unadjusted OR of 1.856 (95% CI 1.625 to 2.120). The respective 

incidences of any non-principal diagnosis OI in the MS and control groups were 12.04% 

(13,865/115,180) and 7.47% (1,919,695/25,691,214), resulting in an unadjusted RR of 1.611 

(95% CI 1.553 to 1.671) and an unadjusted OR of 1.695 (95% CI 1.626 to 1.766).  

 

Descriptive statistics 

Table 1 details the characteristics of the study population, which were significantly different 

between the two groups. 

2018 HCUP-NIS

(N= 35,527,481)

Age≥18

(n=30,259,863)

No primary diagnosis 
for select infectionsa

(n=  25,806,394 )

MSb

(n=  115,180 )

Control

(n= 25,691,214)
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Table 1 Patient and Hospital Characteristics 

 

Among the MS group, most hospitalizations occurred in white (73%) female (74%) patients aged 

50-64 (37%) and on Medicare (55%). Conversely, the control group was older 56-79 (26%) with 
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more racial diversity (66% white), fewer females (58%), and less on Medicare (46%). The 

prevalence of depression was twice as high in the MS group compared to the control group (24% 

vs 12%).  

 

Association between MS and Odds of a Secondary OI 

 

Supplementary Table S2 details the results of the modified Poisson regression models and 

multivariable logistic regressions for evaluating the associations between MS and the risk and 

odds of developing an OI.  

 

Compared to hospitalizations without MS, those with MS had a higher risk of both a secondary 

hospital acquired OI (RR  95% CI)--1.91 (1.67-2.12 and any type of OI (1.53 (1.47-1.59).  

Compared to hospitalizations without MS, those with MS had a higher odds of both a secondary 

hospital acquired OI (odds ratio 95% CI)-- 1.918 (1.677- 2.195) and any type of OI (1.613 (1.546 

- 1.683)) 

 

Table 2 Adjusted and unadjusted associations between MS and OIs 

Hospital OI Estimate 95% CI 

Adjusted RR 1.91 1.67-2.12 

Adjusted OR  1.92 1.68-2.20 

Unadjusted RR  1.85 1.62- 2.10 

Unadjusted OR  1.86 1.63 - 2.12 

 

Any  OI Estimate 95% CI 

Adjusted RR 1.53 1.47-1.59 

Adjusted OR  1.61 1.55-1.68 

Unadjusted RR  1.61 1.55 - 1.67 

Unadjusted OR  1.70 1.63-1.77 
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Discussion 

In this population-based, national cohort study, patients with MS had an increased risk of OIs 

compared to those without MS. Only one other population-based study has supported this 

relationship, however it was conducted in Sweden,23 where the risk of infection may be lower 

due to decreased use of the newer and more potent immunomodulating drugs.22 Furthermore, 

their a-priori defined OIs were not as extensive, nor did they include hospital acquired OIs. Thus, 

our study contributes more extensive information on the burden of OIs and is applicable to the 

US population.   

 

The implication of increased risk of OIs in MS patients is very important. Firstly, considering 

that MS patients are almost twice as likely to develop a hospital acquired OI, it is imperative that 

MS certified hospitals take high precautions with infection control. Specifically, infection control 

measures are most needed regarding catheters. Regarding any type of OI, MS patients are at 

more than a 50% higher risk. This information underscores the importance of ensuring that MS 

patients do not exceed the maximum allowable amount of time on specific DMTs, 

immunizations, testing for HBV, HCV, and tuberculosis before initiating therapy, and checking 

JC antibodies regularly for patients on natalizumab.  Most importantly, the relationship between 

OIs and MS needs to be further studied, especially in the non-hospitalized population. This 

information may help construct prophylactic antimicrobial guidelines for MS patients given 

particular risk factors (eg medication, age, comorbidities).  

 

The strengths of our study include large sample size, utilization of procedures to accommodate 

the complex sampling of the HCUP-NIS data and therefore the results represent the 2018 US 

population, and application of ECS software to adjust for relevant comorbidities.  Furthermore, 

we controlled for the bias of that MS patients are more likely to be hospitalized for an infection 

than the general population.  

 

This study was subject to many limitations. Firstly, the diagnostic codes that I used to identify 

OIs have not been shown to be valid in administrative datasets with positive predictive values. 

Second, due to the lack of granularity of ICD-10 codes, I was not able to include all types of OIs. 

For example, osteomyelitis is only considered an OI if it is caused by S. Aureus, S. penuoniae, 
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listeria, nocardia, pseudomonas, E. coli, Klebsiella, H. flu, or Serratia. The ICD-10 codes do not 

specify the causative pathogen for osteomyelitis, and therefore, we could not include it as an OI. 

Other OIs that it was not possible to determine based on the granularity of ICD-10 codes include 

>1 month duration of diarrhea with Rotavirus and Norovirus and >1 month duration of 

Cryptosporidiosis, Giardia, microsporidium. Furthermore, I included HBV and HCV as an OI, 

but there this is subject to limitation because it would only count if it was a reactivation. 

Nevertheless, these infections were lower among the MS group, so the bias is towards the null. 

Third, due to large sample size limitations, I was unable to impute values for missing data. This 

may have been problematic for the MS group because MS patients only constituted 0.44% of the 

sample. Fourth, the data is collected for billing purposes and not for research. Thus, it is possible 

that not all MS or comorbidity diagnoses were captured if they were not considered an active 

problem and receiving treatment while hospitalized. Fifth, HCUP-NIS does not provide 

information medications or date since MS diagnosis. Thus, we could not evaluate susceptibility 

to infections based on type of disease modifying therapy or duration of illness. It has also been 

found in a recent large real-world cohort of multiple disease modifying therapies, that antibiotics 

are more commonly prescribed with anti-CD20 MS therapies ad antiherpetics are more 

commonly prescribed with fingolimod and natalizumab (Luna, 2019). If we would be very 

interesting to evaluate the relationship between prophylactic medications and risk of infection in 

this population. Sixth, the data is from 2018 and four new DMTs have been approved since then 

(siponimod, ozanimod, ofatumumab, ponesimod) which may impose different risks to OIs.  

Seventh, CDI was not included in the hospital OI definition because 20-27% are thought to be 

community acquired and there is no ICD-10 code to differentiate community from hospital 

acquired. The CDI risk was much higher among the MS group, so it is very likely that the 

secondary hospital OI endpoint is underestimated. Eighth, we use the term ‘risk’, but for the ‘any 

oi’ endpoint, we cannot confirm that these were new infections in 2018 and that the infection 

came after the MS diagnosis. Nine, with the GENMOD procedure, we were able to account for 

in-hospital correlations, but not the complex clustered sampling methodology. 
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Reflection: 

 

This internship has been a great learning experience.  

 

First, I had the opportunity to learn how to decrease selection bias through eligibility criteria (i.e. 

excluding people with a principal diagnosis of an infection) and deciding how to include 

covariates. The two pieces of advice from Dr. Singer that were especially helpful in this area 

were (1) our goal is not to perfectly predict OIs (2) a variable is only a confounder if it is related 

to both the exposure and the outcome.  

 

Second, this was my first time working with complex sampling design data and utilizing 

procedures to accommodate that. I am very grateful that I learned about this because had I not, I 

may have submitted a paper for publication that I made false claims about the data representing 

the US population, when really the results only applied to my sample.  

 

Third, this was my first time working with really big data and it was difficult to say the least. I 

learned that models must be much simpler when you have >7.5 million records and you might 

not be able to do things like propensity score matching, include lots of covariates, or covariates 

with many levels but relatively small observations. I also learned the importance of dropping any 

variable you are not actively using and to decrease the automatic variable length of 8 to 3 for all 

numeric variables.  

 

Fourth, this project has really allowed me to appreciate the differences between R and SAS. I 

prefer R for creating a table 1 (took me a few hours every time I did it with SAS) and 

visualizations. However, R did not handle the big data well. SAS was great for handling the big 

data and the SAS documentation is much more efficient and detailed than R help forums. 

Furthermore, I am now proficient with using SAS on terminal, which is what I will have to for 

my fellowship.  

 

Fifth, I am so happy that I learned about modified Poisson regression for calculating relative 

risks. I did not know that this was a possibility, and it is something that we did not learn in our 

categorical analysis class this summer. I am certain I will be using this in the future.  

 

Lastly, I cannot believe how much work goes into a small paper. I will be much more mindful of 

how I critique other’s work from now on. We really need to highlight the effort that authors put 

into the work and not just the limitations. I am certain that if this work is acceptable for 

publication that nobody will understand how much work went into determining what constitutes 

an OI, flagging 100s of diagnosis codes and then checking them and then finding out you messed 

something up, installing elixishauser comorbidity software, installing CCSR software (this took 

13+ hours and I only used one variable from it), figuring out which models will run for less than 
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26 hours before crashing, changing the outcome, and changing the population multiple times (all 

adults, adults and excluding secondary oi, adults and excluding primary oi,  adults excluding 

primary oi and other select infections).  
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Appendix 

ICD-10 Codes  

Hospital acquired OIs were defined as an ICD-10 code for one of the following nosocomial 

condition (‘Y95), Ventilator associated pneumonia (‘J95851’), infection due to prosthetic urinary 

device (‘T835’), surgical infection(‘T814’), bloodstream infection due to central venous catheter 

(‘T8021). 
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Any OI was defined as the following: recurrent pneumonia (Z8701), invasive group B 

streptococci (B951), invasive enterobacteriaceae ('B965' 'B961' 'A413' 'A492' 'B963’ 'A4151', 

'A4152', 'A4153', 'A4159', 'B9620', 'B9629',' A4153'), disseminated tuberculosis ('B90', 'A17', 

'A18', 'A19', ‘A154’), invasive bacterial infection caused by staphylococcus aureus, listeria, 

pseudomonas aeruginosa, E.coli, klebsiella sp, Haemophilus influenzae, or Serratia ('A40', 'A41',  

'B95', 'G00', 'R7881', 'A3211', 'A327'), disseminated bartonella ('A440'), legionella pulmonary 

infection ('A481), M. avium disseminated or extrapulmonary disease ('A312', 'A318', 'A319'), 

severe oropharyngeal candidiasis, esophagitis, candidiasis of trachea and bronchi, or invasive 

extrapulmonary candidiasis ('B3781', 'B371', 'B375', 'B376', 'B377'), invasive aspergillus (B440), 

pneumocystis pneumonia (‘B59’), extrapulmonary cryptococcosis ('B451', 'B453', 'B457'), 

disseminated or extrapulmonary coccidioidomycosis ('B384','B387'), disseminated or 

extrapulmonary hisotplasmosis ('B393', 'B394', 'B399'), mucormycosis ('B464'), CMV 

pneumonia ('B250'),  CMV pancreatitis ('B252'),  CMV meningitis, other CMV complication, or 

CMV neuropathy ('B2712', 'B2719', 'B2711'), Epstein-Barr virus (‘D823'), Herpesviral 

encephalitis ('B004'), systemic varicella ('B010', 'B012', 'B0111', 'B0112', 'B0189'), herpes zoster 

('B02'), influenza ('J09', 'J10'), respiratory syncytial virus pneumonia ('J121'), Human 

metapneumovirus pneumonia ('J123'), Human herpesvirus 6 (HHV6) and Human herpesvirus 7 

(HHV7) infections ('B10'), parvovirus ('B34'), Progressive multifocal leukoencephalopathy 

(PML) ('A812'), babesia ('B600'), toxoplasma gondii (‘B58), Visceral leishmaniasis ('B550'), 

Acanthamoeba ('B6011'), Naegleriasis ('B602'), strongyloidiasis ('B787'), taenia ('B68'), 

nosocomial (‘Y95), catheter infection ('T835'), surgical infection('T814'), bloodstream catheter 

infection ('T8021'), clostridium difficile ('A047'). 

 

S1 PROC SURVEYFREQ for unadjusted RRs and ORs 
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Hospital OI 

 

Any OI 
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S2 PROC GENMOD for Relative Risks  

Hospital OI 

 

Any OI 
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Proc SurveyLogistic OR for hospital OI 
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Proc SurveyLogistic OR for any OI 
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