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Abstract

Background: Hemophilus influenzae is a gram-negative coccoba-
cillus. Non-typeable H. influenzae infection is a significant cause 
of disease that activates the inflammatory pathway involving the 
nucleotide-binding domain, leucine-rich-containing family, pyrin 
domain-containing-3 (NLRP3) inflammasome. A gain-of-function 
mutation in NLRP3 results in cryopyrin-associated periodic syn-
dromes characterized by inflammatory conditions in the lungs, 
skin, joints, and eyes but not in the gut. This leads to homeostasis 
of the gut microbiota, which reduces inflammation and may have 
protective effect against colorectal cancer (CRC). This study aimed 
to evaluate the correlation between H. influenzae infection and the 
incidence of CRC.

Methods: A retrospective study was conducted from 2010 to 2019 us-
ing a HIPAA-compliant national database. ICD-10, ICD-9, CPT, and 
National Drug Codes were used to identify patients with or without a 
history of H. influenzae infection. Standard statistical methods were 
used to analyze the outcomes.

Results: The query was analyzed and matched, resulting in 13,610 

patients in both groups. The incidence of CRC was 167 and 446 in 
the H. influenzae and control groups, respectively. The difference was 
statistically significant with P < 2.2 ×10-16 and an odds ratio of 0.41 
(95% confidence interval: 0.36 - 0.47). Additionally, the groups were 
further evaluated and matched by treatment, which resulted in a sta-
tistically significant decrease in CRC incidence in the H. influenzae 
group.

Conclusion: This study showed a statistically significant correlation 
between H. influenzae and the reduced incidence of CRC. This re-
duction in CRC in patients with a history of H. influenzae infection 
suggests a potential link to the NLRP3 inflammasome, which should 
be further studied.
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Introduction

Colorectal cancer (CRC) is the third most common cancer and 
the fourth most lethal cancer, killing almost 700,000 people 
every year [1]. CRC can develop sporadically in the setting of 
hereditary cancer syndromes or inflammatory bowel diseases. 
Microbes have been associated with the progression and initia-
tion of inflammation and inflammatory bowel disease (IBD) 
[1, 2]. IBD includes ulcerative colitis and Crohn’s disease, 
which, alongside old age, hereditary syndromes, adenomas, 
smoking, alcohol, obesity, diet high in processed meat or high-
fat and low fiber, are risk factors for CRC [3, 4]. Accumulating 
evidence suggests that the human microbiota contributes to the 
development of CRC. Colonic bacteria and their metabolites 
are thought to contribute to colorectal carcinogenesis via DNA 
damage and production of pro-inflammatory environments, 
while metabolites produced by other bacteria may exert a pro-
tective function against damage to the intestinal wall [3, 4]. 
Homeostasis of the microbiota may therefore be a significant 
factor determining cancer risk [4, 5].

Hemophilus influenzae (H. influenzae) is a gram-negative 
coccobacillus that has recently been associated with the mi-
crobiome. Its various clinical manifestations include menin-
gitis, epiglottitis, cellulitis, pneumonia, and septic arthritis 
[6]. However, due to the widespread childhood immunization 
program in the 1990s, the incidence of typeable H. influenzae 
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type b (Hib) infection was reduced. Currently, a significant 
cause of invasive H. influenzae infection is the non-typeable 
Hemophilus influenzae (NTHi) [6, 7]. Recent investigations of 
NTHi suggest activation of the inflammatory pathway involv-
ing upregulation of the nucleotide-binding domain, leucine-
rich-containing family, pyrin domain-containing-3 (NLRP3) 
inflammasome [7].

While inflammation is a protective immune response to 
harmful stimuli including pathogens or irritants, excessive 
inflammation can lead to persistent infection or chronic in-
flammatory diseases [8]. Inflammasomes are immune system 
receptors/sensors consisting of a cytoplasmic multimeric pro-
tein complex that regulates the activation of cysteine protease 
caspase-1 and are pivotal to drive inflammation [8, 9]. Upon 
activation, the NLRP3 inflammasome converts pro-caspase-1 
to active caspase-1, which forms mature interleukin (IL)-1β 
and IL-18 pro-inflammatory cytokines that initiate pyroptosis, 
an inflammatory form of programmed cell death [8-11].

In humans, dysregulation of NLRP3 inflammasome sign-
aling by gain-of-function mutations in coding regions results 
in cryopyrin-associated periodic syndromes (CAPS), which 
are characterized by inflammatory conditions in the lungs, 
skin, joints, and eyes [12, 13]. Conversely, in the gut, no in-
flammatory symptoms have been associated; rather the op-
posite has been observed where the same mutations have led 
to homeostasis of the gut microbiota and a protective effect 
against inflammation and CRC [12-14]. One study showed 
that hyperactive NLRP3 inflammasomes improve gut sym-
biosis through microbiota [10, 12]. This effect leads to ho-
meostasis of the gut microbiota and produces a protective 
effect for CRC development [3, 12, 15]. The study proposes 
a mechanism in which the hyperactivation of NLRP3 inflam-
masome leads to over-production of IL-1β but not IL-18 [10, 
12, 16].

Considering the symbiotic effects of H. influenzae on the 
microbiome, we postulated that a history of infection with this 
pathogen leads to a decreased risk of CRC. This study aimed 
to evaluate the correlation between H. influenzae infection and 
CRC incidence.

Materials and Methods

This study was a retrospective cohort analysis. Access to a 
Humana Health Insurance HIPAA-compliant national data-
base was provided by Holy Cross Health, Fort Lauderdale 
for the sole intention of academic research. The database uti-
lized called PearlDiver, in conjunction with the Bellwether 
interface, was used to run queries, stratify data, and perform 
statistical analyses. PearlDiver contains over 53,000,000 
HIPAA-compliant patient records. Patients were selected 
retrospectively using the International Classification of 
Disease 9th and 10th Codes (ICD-9, ICD-10), Current Pro-
cedural Terminology (CPT), and National Drug Codes to 
identify all types of CRC diagnoses and previous H. influ-
enzae infection from January 2010 to December 2019. The 
duration of H. influenzae infection was not recorded and is 
unknown; however, infection had to precede the diagnosis of 
cancer to be included. As shown in Figure 1, the data were 
initially filtered to evaluate patients previously infected 
with H. influenzae (experimental group) and those who had 
never been infected with H. influenzae (control group). The 
control and experimental groups were then matched for age 
range, sex, and Charlson Comorbidity Index (CCI) to allow 
for optimal comparison, while mitigating confounding vari-
ables on outcome measures. A total of 13,610 patients met 
the matching criteria for both groups. Following this initial 
match, the data were further stratified to include antibiotic 
treatment exposure in both groups, with 3,210 patients in 
each group. The inclusion criteria for this study were main-
taining an active status in the database for at least 8 years 
and a history of H. influenzae infection that preceded CRC 
if cancer did develop. The inclusion criteria of the control 
group included active status in the database for at least 8 
years, and no history of H. influenzae infection that pre-
ceded if CRC did develop. The primary outcome measure 
of this study was the development of CRC. The query was 
analyzed from January 2010 to December 2019 and resulted 
in 13,610 patients after matching in both experimental and 

Figure 1. Flowchart of infected vs. non-infected groups and incidence of CRC. Evaluation of incidence of CRC of patients with 
and without history of H. influenzae infection (control) (*P < 2.2 × 10-10, **P = 3.5 × 10-13). Additional stratification and matching 
were completed for treatment. CRC: colorectal cancer; H. influenzae: Hemophilus influenzae.
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control groups. A Pearson’s Chi-square test with Yates’ con-
tinuity correction and odds ratio (OR) were performed; this 
was to determine the significance of potential differences in 
incidence of CRC between populations with and without a 
history of H. influenzae infection. Significance was assessed 

using relative risk with a 95% confidence interval (CI), and 
the PearlDiver statistical software was used to calculate all 
data outcomes. Subsequent analysis of the data included a 
breakdown of patient demographics by age, sex, and region 
(Figs. 2-4).

Figure 2. Incidence of CRC by regions of residence of patients with and without exposure to H. influenzae. CRC: colorectal 
cancer.

Figure 3. Incidence of CRC based on sex on patients with and without exposure to H. influenzae. CRC: colorectal cancer.
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Literature review

PubMed was used for literature review. The literature review 
aimed to collect data related to any and all relationships be-
tween CRC and H. influenzae infection. The review was 
guided using keywords in varying orders: “colorectal cancer”, 
“Hemophilus influenzae infection”, “microbiome”, “carcino-
genesis”, “immunology”, and “bacterial infection”. The litera-
ture includes findings relating to the microbiome and its im-
pact on carcinogenesis and CRC.

Institutional Review Boards (IRB) approval

This study was exempt from IRB approval because all data 
were obtained from a database that provided de-identified 
patient information. The study was conducted in compliance 
with the ethical standards of the responsible institution on hu-
man subjects as well as with the Helsinki Declaration.

Results

A database of 53 million patients was used to identify those 
with and without a history of H. influenzae. A total of 13,610 
patients met the matching criteria for age range and Charlson 
Comorbidity Index (CCI) and were assigned to both the con-
trol group (without history of H. influenzae infection) and the 
experimental group (with a history of H. influenzae infection). 
In the control group, 446 patients (3.23%) without H. influ-
enzae infections were diagnosed with CRC. In contrast, only 
167 (1.22%) patients with a history of H. influenzae infections 
were diagnosed with CRC. This difference was statistically 
significant, with a P-value of < 2.2 × 10-16 and an OR of 0.41 

(95% CI: 0.36 - 0.47) (Figs. 1 and 5).
These 13,610 patients were further evaluated and matched 

for exposure to antibiotic treatment. The incidence of CRC 
was observed in 56 patients (1.7%) in the H. influenzae group 
compared to 118 patients (3.7%) in the control group (P = 3.5 
× 10-13; OR = 0.51, 95% CI: 0.43 - 0.62 (Fig. 1)).

The demographics of matched patients with and without 
a history of H. influenzae infection were analyzed. The data 
were stratified based on age at CRC diagnosis, sex, and region 
of residence. Four regions were considered: Midwest, North-
east, South, and West. The control group showed a higher in-
cidence of CRC in all regions, with the highest prevalence of 
CRC in the southern region (Fig. 2). All regions showed a de-
crease of at least 2.3-fold in CRC risk in patients exposed to H. 
influenzae infection (Fig. 2).

Upon analysis of CRC incidence by sex, no differences 
were found in this study (Fig. 3). The diagnosis of CRC was 
more prevalent in both the control and infected groups within 
the age range of 50 to 79 years. The data demonstrated a peak 
CRC incidence in patients aged between 70 and 74 years (Fig. 
4). When stratified by age and sex, the data also showed a low-
er incidence of CRC in patients with a history of H. influenzae 
infection.

Discussion

Previously published data on H. influenzae have linked more 
common cancers to this microorganism [17-19]. However, 
there are no current data on the relationship of this pathogen 
to CRC, making this study the first, to date, to investigate the 
link between previous history of H. influenzae infection and 
the development of CRC. This study established a statistically 
significant correlation between H. influenzae infection and a 

Figure 4. Incidence of CRC based on age of diagnosis on patients with and without exposure to H. influenzae. CRC: colorectal 
cancer.
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reduced incidence of CRC.
This study illustrates the complex nature and pathogenesis 

of H. influenzae, a bacterium initially believed to be involved 
in chronic inflammatory states, such as in the development of 
chronic obstructive pulmonary disease (COPD) and lung tu-
morigenesis [17-19]. This study sheds light on the paradoxi-
cal nature of H. influenzae, which induces a protective effect 
in CRC. It is hypothesized that activation of the NLRP3 in-
flammasome leads to a strongly driven IL-1β inflammatory 
response, that is, the lung leads to the pathogenesis of lung dis-
eases such as COPD and protracted bacterial bronchitis (PBB) 
[7, 20-22]. In contrast, similar effects in the gut might lead 
to microbiota homeostasis and prevention of CRC as dem-
onstrated by the results of this study. One study proposed a 
mechanism in which the hyperactive NLRP3 inflammasome 
leads to overproduction of IL-1β, but not IL-18, causing an 
improvement in gut symbiosis. The homeostasis of the gut mi-
crobiota then leads to a protective effect for CRC development 
[10, 12, 15, 16].

Growing evidence has shown a key role for inter-kingdom 
crosstalk in maintaining host homeostasis and disease evolu-
tion, specifically in the gut-lung axis (GLA) [23-25]. This pa-
per highlights the interaction between H. influenzae, a patho-
gen commonly associated with the upper respiratory tract, and 
its relationship with the gut by reducing the incidence of CRC. 
Making an emphasis on GLA microbiota and disease patho-
genesis prevention rather than the previously thought chronic 
inflammatory state such as findings like COPD patients have 

been shown to be 2 - 3 times more likely to be diagnosed with 
IBD [24, 26].

This study has some limitations. First, this was a single-
center retrospective review that included patients from a spe-
cific location. Additionally, given the retrospective nature of 
our study, we did not have data regarding the patient population 
or specific details regarding H. influenzae infection. Addition-
ally, the widespread childhood immunization program for H. 
influenzae caused a decrease in the incidence of infections, lim-
iting the number of patients available for the study. Other limi-
tations include the lack of H. influenzae testing if the patient 
did not have any symptoms that could indicate the order of the 
test to localize the pathogen related to the suspected infectious 
disease. Therefore, there could be a decrease in the number of 
patients who overlap in the workup of H. influenzae infection 
and the diagnosis of CRC. Our study suggests that pathogens 
such as H. influenzae are involved not only in the acute micro-
biome but also in more chronic changes in the human micro-
biota. These changes may affect the development of CRC, as 
in our study, but may also affect or potentiate the development 
of other types of cancer, such as lung cancer [7]. Future studies 
should address other pathogens and their relationship with the 
gut microbiota. Understanding how microorganisms such as H. 
influenzae, via inflammasome upregulations, lead to dysbiosis 
or symbiosis of the microbiota, might elucidate a better under-
standing of the pathogenesis of CRC and potential therapeutic 
targets such as the inflammasome pathway [3].

It is important to evaluate previous immunizations used 

Figure 5. Incidence of CRC of patients with and without history of H. influenzae infection (*P < 2.2 × 10-16; OR = 0.41, 95% CI: 
0.36 - 0.47). CI: confidence interval; CRC: colorectal cancer; OR: odds ratio.
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for Hib prevention to analyze whether the same inflamma-
tory response is induced by vaccination. A common formula-
tion of the Hib vaccine is a conjugated vaccine consisting of 
a capsular polysaccharide (PS) covalently linked to proteins. 
Among these formulations, Hib-outer membrane protein 
complex (OMPC) was shown to engage Toll-like receptor 2 
(TLR2) and enhance the immunogenicity of the Hib PS [27]. 
Nonetheless, Hib conjugated with tetanus toxoid and cross-
reacting material (CRM) did not show any relationship with 
TLR2 [27, 28]. On the other hand, other potential targets to 
be studied in the context of incidence of CRC include vaccine 
adjuvants that target the NLRP3 inflammasome. Some of these 
include aluminum salt-based adjuvants, saponin-based adju-
vants, emulsion-based adjuvants, and TLR agonists [28, 29]. 
Vaccines incorporate TLR ligands not only to protect against 
infectious diseases but also as a therapeutic immunization 
against noninfectious diseases such as cancer [30]. Specifi-
cally, 3-O-desacyl-4-monophosphoryl lipid A (MPL) has been 
used as an adjuvant in clinical trials of vaccines against multi-
ple cancers including CRC, melanoma, glioma, and pancreatic 
cancer. Nonetheless, the trials were not able to show signifi-
cant clinical effects but demonstrated tumor-specific immunity 
in response to immunization [27]. It is important to consider 
future studies to test adjuvants usually used in the formulation 
of vaccines that target the NLRP3 inflammasome or Hib vac-
cines and to assess if there is a protective effect against CRC.

The next step in the study could be to further analyze the 
data by reversing the order of acquisition. First, obtaining, and 
matching data based on patients’ diagnosis of CRC and then 
evaluating how many of the patients in each group had or did 
not have a concomitant H. influenzae infection. In this manner, 
we examine data from the opposite direction.

Ultimately, future studies are crucial to confirm the mech-
anism of our results and to characterize the precise mechanism 
and pathogenesis by which H. influenzae may reduce the risk 
of CRC. Targeting these inflammatory pathways may lead to 
the development of novel therapeutics capable of reducing the 
risk of one of the deadliest cancers in the world, and poten-
tially serve as a therapy for other cancers.

Conclusions

The study shows a statistically significant correlation between 
history of H. influenza infection and reduced CRC incidence. 
Although the study design cannot determine causality, H. influ-
enzae infection causes the upregulation of the NLRP3 inflam-
masome. In contrast, the NLRP3 inflammasome has been linked 
to a protective effect on gut microbiota homeostasis and a reduc-
tion in the risk of CRC. It is paramount to investigate this rela-
tionship to understand and assess the role of NLRP3 as a poten-
tial target for onco-protection against CRC, and to understand 
the mechanism of H. influenzae in reducing the CRC incidence.
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