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Abstract

Background: Solid organ ftransplant (SOT) recipients
are more susceptible to infections, particularly Nocardia
infections (NI). Our study examines the outcomes associated
with NI in SOT recipients.

Methods: Our study used National Inpatient Sample data
(2015-Q4 to 2018) and ICD-10 codes to identify patients
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LOS: Length of Stay; NIS: National Inpatient Sample; NI:

with NI and SOT. Pearson chi-square test was used to
Nocardia Infection; SOT: Solid Organ Transplant

evaluate categorical and continuous variables. Multivariate
regression analysis was used to evaluate outcomes using
STATA.

Results: Among 621,925 SOT hospitalizations, 734 (0.12%)
had NI. Patients with NI were typically older and mostly
of white race, with the Southern U.S. having the highest
incidence of NI (38.8%). Nl increased hospital length of stay
(LOS) and costs, and was most prevalent in renal transplant
recipients, followed by heart, lung, liver, and pancreas. SOT
patients were at a significantly higher risk of developing NI,
and co-infection with cytomegalovirus was associated with
NI in SOT recipients.

Introduction

Solid organ transplant (SOT) recipients are at an
increased risk of a wide range of infections, including
nosocomial, opportunistic, and community-acquired
[1]. A notable late-stage pathogen is Nocardia, which is
rare but life-threatening [1,2]. Nocardia infection (NI)
incidence in SOT patients ranges from 0.4-2.65% [3].
While Minero, et al. [4] note that SOT accounts for 25%
of NI, there is associated topographical variability. This
variability is due to Nocardia’s geographic dependence,
as it is predominantly found in dry, arid climates, which
aids with aerosolizing spores [5].

Conclusion: Nocardia is a pathogen known to primarily
affect immunocompromised patients. Our study indicates
that patients with SOT have a higher odd of developing NI,
which translates into longer LOS and higher hospital charges
in such patients. Prompt identification with appropriate

treatment can help lessen the burden frequently faced by The rate of NI also depends on the type of

SOT recipients. transplanted organ. Several studies have attempted to
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describe a range of NI in SOT patients. The majority of
studies show that lung transplant recipients have the
highest incidence of NI [6]. Peleg, et al. [7] noted the
frequency of infection with NI to be 3.5%, 2.5%, 1.3%,
0.2%, and 0.1% for transplant recipients of lung, heart,
intestine, kidney, and liver, respectively [8].

Current literature identifies various risk factors that
increase the prevalence of NI in SOT patients. While
immunosuppression reduces the risk of rejection,
it makes the recipients more susceptible to NI [9].
Calcineurin inhibitors and prolonged use of steroids are
known independent risk factors for NI in SOT patients
[7] as Calcineurin-inhibitors suppress T-cell-mediated
immunity, which leaves the patient defenseless against
NI [10]. CMV infection in the preceding six months also
predisposes SOT patients to opportunistic infections
such as Nocardia [6].

The data regarding SOT recipients and Nl is limited to
case studies or studies with decreased statistical power
given small sample size, and most of the studies are
based on single center experiences. In this study using
the data from the National Inpatient Sample (NIS), we
sought to better understand the relationship between
SOT and NI. With a very large sample size, we explored
the recent trends of NI in SOT recipients. In addition,
we examined the disease prevalence, effect on length
of stay (LOS) in hospital, and risk factors involved in
pathogenesis of the disease.

Methods
Ethics statement

This research adheres to the ethical guidelines of

the Declaration of Helsinki. As the study exclusively
involved the analysis of de-identified patient data from
the National Inpatient Sample (NIS), a publicly accessible
database, it did not require review board approval or
individual patient consent. The authors confirm their
commitment to ethical research conduct, ensuring
patient privacy and confidentiality while contributing
valuable insights to enhance patient care for solid organ
transplant recipients.

The NIS is the largest inpatient discharge database
in the US, providing information such as length of
stay, severity, procedures, admission and discharge
status, without including any patient identifiers. This, in
addition to the sheer size of the database (data from
over 1000 US hospitals with over 8 million hospital stays
per year), makes it ideal to study outcomes [11]. Our
study sample was obtained from the NIS 2015 quarter
4 through 2018. We used ICD-10 codes to identify and
extract patients who underwent SOT procedures, such
as heart, lung, kidney, liver, pancreas, and intestine.
We further isolated patients from these subgroups
diagnosed with a NI and compared them to those who
did not have Nl infections.

We utilized Pearson chi-square test for evaluating
categorical and continuous variables. In addition, we
applied multivariate regression analysis to compare
groups of interest and further controlled for all variables
such as age, gender, race, Charlson Comorbidity
Index (CCl), median income based on zip code, type
of insurance, and CMV co-infection. All samples
represented in this study were weighted using an
algorithm provided by the NIS, allowing for an accurate

Table 1: Baseline characteristics of solid organ transplant hospitalizations in the national inpatient sample (2015 Q4-2018)

stratified by Nocardia Infection.

Variables SOT Recipients with No Nocardia SOT Recipients with Nocardia P-value
Infection (n = 621,179; 99.88%) Infection (n = 734; 0.12%)
Age (mean, SD) 56.1 years + 17.2 61.3 years + 10.9 < 0.0001
Charlson Comorbidity Index (mean, 3.7 £1.9 36+1.7 0.4000
SD)
Female (N, %) 264,001 (42.5%) 225 (30.61%) 0.0046
Race (N, %) 0.2171
White 371,465 (59.8%) 382 (52.1%)
Black 119,888 (19.3%) 173 (23.6%)
Hispanic 85,102 (13.7%) 142 (19.3%)
Asian or Pacific Islander 21,120 (3.4%) 10 (1.4%)
Native American 4,969 (0.8%) 10 (1.4%)
Other 1863 (0.3%) 15 (2.1%)
Hospital Region (N, %) 0.1882
Northeast 119,266 (19.2%) 125 (17%)
Midwest 146,598 (23.6%) 130 (17.7%)
South 232,321 (37.4%) 285 (38.8%)
West 122,993 (19.8%) 195 (26.5%)
CMV Infection (N, %) 11,181 (1.8%) 55 (7.5%) <0.0001
In-hospital Death (N, %) 12,424 (2%) 25 (3.4%) 0.2329
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national estimate of cases of interest. All extractions
and statistical analysis were conducted utilizing Stata
version 17.0 (StataCorp).

Results

We identified 621,925 SOT hospitalizations, among
which 734 (0.12%) had NI. Patients with SOT and NI
were older compared to the non-NI cohort (mean age
61.3 +/- 10.9 vs. 56.1 +/- 17.2; p < 0.001); however,
both SOT with and without NI were majority white
(Table 1). The highest incidence of NI in SOT patients
in the US occurred in the South (38.8%), followed by
the West (26.5%), Midwest (17.7 %), and Northeast
(17.0%) (Table 1). There were no significant differences
in baseline CCl between the two cohorts (3.62 vs. 3.73;
p = 0.40) (Table 1). Hospitalizations with SOT and NI had
longer LOS [adjusted mean difference (aMD) 5.7 days]
and higher hospital charges adjusted for inflation over
time (aMD $66,348); all p < 0.01.

Moreover, hospitalizations with SOT had higher
odds of developing NI compared to those without
SOT [adjusted odds ratio (aOR) 13.1; 95% Cl 10.0-17.1;
p < 0.001]. NI was most prevalent in renal transplant
(53.1%), followed by heart transplant (23.8%), lung
transplant (12.9%), liver transplant (8.2%), and pancreas
transplant (2%) recipients (p < 0.001) (Figure 1).

Discussion

Our findings show that compared to SOT
hospitalizations without NI, SOT hospitalizations with
NI were in older patients, had longer LOS, and had
higher hospital charges. In addition, Nocardia was most
prevalent in renal transplants, followed by heart, lung,
liver, and pancreas. We also found that hospitalizations
with SOT had higher odds of developing Nocardia than
hospitalizations without SOT. Regionally, the highest
incidence of NI occurred in the South, followed by
the West, Midwest, and Northeast. We also found a
correlation between CMV co-infection and NI in SOT.

Our study demonstrates that the hospitalizations
with SOT and NI were older (specifically > 60 years)
than the non-NI cohort. Also, hospitalizations with NI
and SOT had longer LOS and higher hospital charges.
Previous studies have identified old age as a potential
risk factor for Nocardia infection in SOT recipients [3].
Our study, in line with the literature, finds that the
older population is more susceptible to developing
Nocardia infections. Risk factors predisposing NI among
SOT recipients include diabetes, high-dose steroids,
obstructive pulmonary disease, and alcoholism [12,13].
The older population has increased comorbidities
such as diabetes and pulmonary disease [14], which
increases the risk for NI. Coussement, et al. [2] found

Liver,8% u

Lung,13%

Heart,24%

Kidney,53%

*P<0.0001

Figure 1: Proportion of Nocardia in solid organ transplant recipients*.
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that Nocardia developed in SOT patients with longer LOS
(> 8 days) in the ICU compared to patients with shorter
LOS (< 8 days) alluding to the opportunistic nature of
Nocardia. Due to variations in the post-operative course
of SOT patients and increased immunosuppression, NI
prolongs a patient’s LOS and explains higher medical
charges.

Contrary to pre-existing literature, our study finds
that NI is most prevalent in renal transplant patients.
Previous data have shown lung transplants to have
the highest incidence of NI, followed by heart, with
the kidney having a much lower prevalence [15]. The
difference could be due to several reasons. First, there
have been no updated multicenter analyses regarding
the prevalence of Nocardia [3] since 2013. Most of the
other data was derived from single organ transplant
centers, some from multi-organ centers, and even fewer
looking at the nationwide data. Second, kidneys have
been the most prevalent organ transplant in the US for
the past two decades. In 2018, kidneys accounted for the
majority of all organ transplants in the US, with a total
of over 20,000 total transplants [16,17]. Therefore, our
results from the NIS could skew toward kidneys simply
due to the increased number of kidney transplants that
have occurred in the recent years.

Our study also revealed that hospitalizations with
SOT were associated with higher odds of developing
NI than those without SOT. These results align with the
current literature, which suggests that NI is primarily
observed in immunocompromised patients who lack
cell-mediated immunity [18]. The higher odds of NI in
SOT patients can be attributed to using tacrolimus, a
commonly used immunosuppressant known to increase
the risk of NI by suppressing T cell mediated immunity
[18,19]. Furthermore, NI transplants are increasingly
prevalent in the last two decades, possibly due to the
development of improved detection methods and the
growing number of transplant patients [16,20]. Thus,
this trend may further explain the increased odds of NI
observed in SOT patients.

In our study, we found that the highest incidence of
Nlis in the Southern US, followed by the West, Midwest,
and finally, the Northeast. Literature supports these
findings, showing the highest prevalence of NI in the
Southwest region [3]. This geographic preference is due
to the dry, windy climate supporting the aerosolization
of the bacteria. The challenge with identifying the
prevalence of Nocardia in different geographic regions
is the use of multi-variant tools for the diagnosis of the
pathogen. Older studies looked at biochemical tests to
identify NI, whereas newer studies rely on molecular
tests [21]. Our study looks at a specific time frame
throughout the nation and hence sheds more reliability
in identifying prevalence patterns within the country.

Our study identifies a high incidence of CMV
co-infection with NI in SOT hospitalizations, which
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is consistent with previous case studies that have
associated CMV and Nocardia co-infection in renal
transplant patients [18,22]. The literature on the
relationship between CMV and Nocardia in SOT
patients is inconsistent. While some studies suggest
that CMV infection before transplantation increases
the risk of Nocardia infection [7], others indicate no
correlation between CMV serostatus, illness, or disease
and Nocardia [2]. The reasons for this inconsistency
are likely multifactorial. Firstly, immunosuppression in
transplant patients, including using medications such
as tacrolimus, can suppress T cell mediated immunity
and increase susceptibility to both CMV and Nocardia
infections [23]. Secondly, transplant-related procedures
or donor-derived infections can also increase the
likelihood of both CMV and Nocardia infections in
transplant patients [23,24]. Thirdly, bone marrow
suppression with leukopenia and acute kidney injury
can occur during the post-transplant course, making it
difficult to use prophylactic antibiotics, such as sulfa-
trimethoprim and valganciclovir, leading to increased
opportunistic infections [23]. Finally, the symptoms
of CMV and Nocardia infections can overlap [8] or be
masked in an array of noninfectious fever etiologies,
making it difficult to distinguish and identify between the
two infections. This can lead to delayed diagnosis and
treatment, increasing co-infection risk and potentially
more severe outcomes.

A notable strength of this paper is that this is the only
study looking at a national database for associations of
NI with SOT and various risk factors. However, the study
is not without its limitations. The NIS is an administrative
dataset prone to coding errors and over calculation of
encounters due to possible multiple admissions of the
same patient. Due to the nature of the dataset, it is
also difficult to track patient encounters longitudinally.
Furthermore, certain information such as lab values and
specific medication regimens being administered to the
patient population are not included. To mitigate these
limiting factors, it would be advantageous to conduct
further studies and stratify the data, including variables
that are not present in the NIS. Still, the NIS is one of the
largest publicly available databases in the US and can
be useful in the study of rare diseases such as Nl in SOT.

In conclusion, we found the highest prevalence of
NI in renal transplant patients, with increased odds of
NI, LOS, and hospital charges. With rising SOT cases and
even higher susceptibility to life-threatening Nocardiosis
in SOT patients, closer monitoring is important in this
population for early recognition and intervention to
avoid major complications from NI. Further studies
using large-scale data are also warranted to provide
more reliable information about the epidemiology of NI
and management strategies to prevent and treat NI.

Conflict of Interest

The authors of this research paper, Rezwan Munshi,
Narois Nehru, Madison Lannom, James R. Pellegrini Jr,

e Page 4 of 5 «



https://doi.org/10.23937/2474-3658/1510319

DOI: 10.23937/2474-3658/1510319

ISSN: 2474-3658

Ngoc-Van Tran, and Fatima Anjum, declare that they
have no conflicts of interest to disclose. This research
was conducted in an unbiased manner, and the authors
did notreceive any financial or non-financial support that
could potentially influence the results or interpretation
of the findings presented in this paper.

Funding Details

This research received no specific grant from any
funding agency, commercial entity, or governmental
organization. The authors conducted this study
independently without external financial support.

Financial Disclosure Statement

The authors, Rezwan Munshi, Narois Nehru,
Madison Lannom, James R. Pellegrini Jr, Ngoc-Van Tran,
and Fatima Anjum, declare that they have no financial
interests or relationships with any commercial entities
that could be construed as a potential source of bias or
conflict of interest regarding this research. All authors
have contributed to this research without any external
financial incentives or competing financial interests.

Authorship Statement

Rezwan Munshi, MD: Conceptualization,
Methodology, Data Analysis, Writing- Original Draft
Preparation, Supervision, Project Administration; Narois
Nehru, MD: Writing- Review & Editing; Madison Lannom,
MD: Writing- Review & Editing; James R. Pellegrini Jr,
MD: Data Analysis, Writing- Review & Editing; Ngoc-Van
Tran, MD: Writing- Review & Editing; Fatima Anjum,
MD: Writing- Review & Editing, Supervision.

References

1. Fishman JA, AST Infectious Diseases Community of
Practice (2009) Introduction: Infection in solid organ
transplant recipients. Am J Transplant 9: S3-S6.

2. CoussementJ, Lebeaux D, van Delden C, Guillot H, Freund
R, et al. (2016) Nocardia infection in solid organ transplant
recipients: A multicenter European case-control study. Clin
Infect Dis 63: 338-345.

3. Saullo JL, Miller RA (2020) Update on Nocardia infections
in solid-organ transplantation. Curr Opin Organ Transplant
25: 383-392.

4. Minero MV, Marin M, Cercenado E, Rabadan PM, Bouza E,
et al. (2009) Nocardiosis at the turn of the century. Medicine
(Baltimore) 88: 250-261.

5. Ambrosioni J, Lew D, Garbino J (2010) Nocardiosis:
Updated clinical review and experience at a tertiary center.
Infection 38: 89-97.

6. Santos M, Gil-Brusola A, Morales P (2011) Infection by
Nocardia in solid organ transplantation: Thirty years of
experience. Transplant Proc 43: 2141-2144.

7. Peleg AY, Husain S, Qureshi ZA, Silveira FP, Sarumi M, et
al. (2007) Risk factors, clinical characteristics, and outcome
of Nocardia infection in organ transplant recipients: A
matched case-control study. Clin Infect Dis 44: 1307-1314.

8. Matchett C, Djamali A, Mandelbrot D, Saddler C, Parajuli
S (2019) Nocardia infection in kidney transplant recipients:
A single-center experience. Transpl Infect Dis 21: e13192.

Munshi et al. J Infect Dis Epidemiol 2024, 10:319

9. McGrath B, Broadhurst M, Roman C (2020) Infectious
disease considerations in immunocompromised patients.
JAAPA 33: 16-25.

10.Beaman BL, Beaman L (1994) Nocardia species: Host-
parasite relationships. Clin Microbiol Rev 7: 213-264.

11. HCUP Nationwide Inpatient Sample.

12.Karen VJ, Anita P, Leonard BJ, Theresa S, Mohammed
EG, et al. (2007) Nocardiosis in Renal Transplant Patients:
Role of Current Immunosuppressant Agents. Infectious
Diseases in Clinical Practice 15: 171-173.

13. Tomas RM, Villanueva RM, Calzada SR, Durantez MS,
Tarazona JMV, et al. (2007) Pulmonary nocardiosis: Risk
factors and outcomes. Respirology 12: 394-400.

14. Salive ME (2013) Multimorbidity in older adults. Epidemiol
Rev 35: 75-83.

15.Restrepo A, Clark NM, Infectious diseases community
of practice of the American Society of transplantation
(2019) Nocardia infections in solid organ transplantation:
Guidelines from the Infectious Diseases Community of
Practice of the American Society of Transplantation. Clin
Transplant 33: €13509.

16. Scientific Registry of Transplant Recipients (SRTR) (2018)
Annual Data Report.

17.U.S. Department of Health & Human Services Organ
Procurement and Transplantation Network (OPTN). Annual
Data report.

18. Watanabe C, Kimizuka Y, Fujikura Y, Hamamoto T,
Watanabe A, et al. (2022) Mixed infection of cytomegalovirus
and pulmonary nocardiosis Caused by Nocardia elegans
diagnosed using nanopore sequencing technology. Intern
Med 61: 1613-1617.

19. Wadhwa T, Baveja U, Kumar N, Govil D, Sengupta S (2017)
Clinical manifestations of nocardiosis: Study of risk factors
and outcomes in a tertiary care hospital. J Lab Physicians
9: 288-295.

20.Duggal SD, Chugh TD (2020) Nocardiosis: A neglected
disease. Med Princ Pract 29: 514-523.

21.Perfect JR., Dismukes RS (2016) Update on diagnostic
approaches for invasive fungal infections. The Lancet
Infectious Diseases 16: 763-776.

22. Patel MP, Kute VB, Gumber MR, Shah PR, Patel HV, et al.
(2013) Successful treatment of Nocardia pneumonia with
cytomegalovirus retinitis coinfection in a renal transplant
recipient. Int Urol Nephrol 45: 581-585.

23. Camacho AM, Camps IR (2014) Nosocomial infection in
patients receiving a solid organ transplant or haematopoietic
stem cell transplant. Enferm Infecc Microbiol Clin 32: 386-
395.

24.Fishman JA (2007) Infection in solid-organ transplant
recipients. N Engl J Med 357: 2601-2614.

TN

CLINMED

INTERNATIONAL LIBRARY

e Page 50f5 e



https://doi.org/10.23937/2474-3658/1510319
https://pubmed.ncbi.nlm.nih.gov/32841972/
https://pubmed.ncbi.nlm.nih.gov/32841972/
https://pubmed.ncbi.nlm.nih.gov/32841972/
https://pubmed.ncbi.nlm.nih.gov/8055469/
https://pubmed.ncbi.nlm.nih.gov/8055469/
https://www.sgim.org/
https://journals.lww.com/infectdis/fulltext/2007/05000/nocardiosis_in_renal_transplant_patients__role_of.10.aspx
https://journals.lww.com/infectdis/fulltext/2007/05000/nocardiosis_in_renal_transplant_patients__role_of.10.aspx
https://journals.lww.com/infectdis/fulltext/2007/05000/nocardiosis_in_renal_transplant_patients__role_of.10.aspx
https://journals.lww.com/infectdis/fulltext/2007/05000/nocardiosis_in_renal_transplant_patients__role_of.10.aspx
https://pubmed.ncbi.nlm.nih.gov/17539844/
https://pubmed.ncbi.nlm.nih.gov/17539844/
https://pubmed.ncbi.nlm.nih.gov/17539844/
https://pubmed.ncbi.nlm.nih.gov/23372025/
https://pubmed.ncbi.nlm.nih.gov/23372025/
https://pubmed.ncbi.nlm.nih.gov/30817024/
https://pubmed.ncbi.nlm.nih.gov/30817024/
https://pubmed.ncbi.nlm.nih.gov/30817024/
https://pubmed.ncbi.nlm.nih.gov/30817024/
https://pubmed.ncbi.nlm.nih.gov/30817024/
https://pubmed.ncbi.nlm.nih.gov/30817024/
https://srtr.transplant.hrsa.gov/annual_reports/2018/Introduction.aspx
https://srtr.transplant.hrsa.gov/annual_reports/2018/Introduction.aspx
https://optn.transplant.hrsa.gov/
https://optn.transplant.hrsa.gov/
https://optn.transplant.hrsa.gov/
https://pubmed.ncbi.nlm.nih.gov/34707041/
https://pubmed.ncbi.nlm.nih.gov/34707041/
https://pubmed.ncbi.nlm.nih.gov/34707041/
https://pubmed.ncbi.nlm.nih.gov/34707041/
https://pubmed.ncbi.nlm.nih.gov/34707041/
https://pubmed.ncbi.nlm.nih.gov/28966493/
https://pubmed.ncbi.nlm.nih.gov/28966493/
https://pubmed.ncbi.nlm.nih.gov/28966493/
https://pubmed.ncbi.nlm.nih.gov/28966493/
https://pubmed.ncbi.nlm.nih.gov/32422637/
https://pubmed.ncbi.nlm.nih.gov/32422637/
https://pubmed.ncbi.nlm.nih.gov/22215305/
https://pubmed.ncbi.nlm.nih.gov/22215305/
https://pubmed.ncbi.nlm.nih.gov/22215305/
https://pubmed.ncbi.nlm.nih.gov/22215305/
https://pubmed.ncbi.nlm.nih.gov/24950613/
https://pubmed.ncbi.nlm.nih.gov/24950613/
https://pubmed.ncbi.nlm.nih.gov/24950613/
https://pubmed.ncbi.nlm.nih.gov/24950613/
https://www.nejm.org/doi/full/10.1056/NEJMra064928
https://www.nejm.org/doi/full/10.1056/NEJMra064928
https://pubmed.ncbi.nlm.nih.gov/20070692/
https://pubmed.ncbi.nlm.nih.gov/20070692/
https://pubmed.ncbi.nlm.nih.gov/20070692/
https://pubmed.ncbi.nlm.nih.gov/27090987/
https://pubmed.ncbi.nlm.nih.gov/27090987/
https://pubmed.ncbi.nlm.nih.gov/27090987/
https://pubmed.ncbi.nlm.nih.gov/27090987/
https://pubmed.ncbi.nlm.nih.gov/32618722/
https://pubmed.ncbi.nlm.nih.gov/32618722/
https://pubmed.ncbi.nlm.nih.gov/32618722/
https://pubmed.ncbi.nlm.nih.gov/19593231/
https://pubmed.ncbi.nlm.nih.gov/19593231/
https://pubmed.ncbi.nlm.nih.gov/19593231/
https://pubmed.ncbi.nlm.nih.gov/20306281/
https://pubmed.ncbi.nlm.nih.gov/20306281/
https://pubmed.ncbi.nlm.nih.gov/20306281/
https://pubmed.ncbi.nlm.nih.gov/21839216/
https://pubmed.ncbi.nlm.nih.gov/21839216/
https://pubmed.ncbi.nlm.nih.gov/21839216/
https://pubmed.ncbi.nlm.nih.gov/17443467/
https://pubmed.ncbi.nlm.nih.gov/17443467/
https://pubmed.ncbi.nlm.nih.gov/17443467/
https://pubmed.ncbi.nlm.nih.gov/17443467/
https://pubmed.ncbi.nlm.nih.gov/31596020/
https://pubmed.ncbi.nlm.nih.gov/31596020/
https://pubmed.ncbi.nlm.nih.gov/31596020/

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Methods
	Ethics statement 

	Results
	Discussion
	Conflict of Interest 
	Funding Details 
	Financial Disclosure Statement 
	Authorship Statement 
	References 
	Table 1
	Figure 1

