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Background: The widespread use of antimicrobials and Haemophilus
influenzae type b (Hib) vaccine worldwide has altered the epidemiological
patterns of invasive H. influenzae. Nonetheless, little is currently known on the
epidemiological characteristics of H. influenzae in Guiyang, Guizhou, China.

Objective: To determine the serotype distribution, antimicrobial resistance and
Multilocus Sequence Typing (MLST) of H. influenzae in hospitalized patients in
Guiyang City.

Methods: A total of 196 clinical isolates from hospitalized patients were
collected. Serotypes were determined according to the specific capsule gene,
bexA, amplified by PCR. According to the guidelines of Clinical and Laboratory
Standards Institute (CLSI) 2020 drug susceptibility tested, and the results
determined. The chromogenic cephalosporin nitrocefin method was used
to detect B-lactamase production, -lactamase negative, ampicillin-resistant
(BLNAR) strains were detected by PCR amplification and sequencing of the
penicillin-binding protein 3 (PBP3) locus of fts/. Multilocus Sequence Typing
was performed for molecular typing.

Results: All isolates studied were non-typeable H. influenzae (NTHi). Most
patients originated from the pediatrics department (78.6%, 154/196), and
suffered from lung with respiratory tract infection (pneumonia and bronchitis,
68.4%, 134/196). The resistance rates of ampicillin, cefaclor and azithromycin
were 71.4% (140/196), 36.7% (72/196) and 34.2% (67/196), respectively. 40.3%
(79/196) of strains were B-lactamase positive ampicillin-resistant (BLPAR). All
BLPAR carried the TEM-1 gene. 9.2% (18/196) were p-lactamase negative
ampicillin-resistant strains (BLNAR). The PBP3 mutation was detected in the
ampicillin-resistant strains (n = 113), of which 18 belonged to group lla. A total
of 49 sequence types (ST) and 23 clonal complexes (CC) were detected, among
which CC107 (ST107, n = 27; ST1002, n = 5; ST1218, n = 5) was the most
frequent clonal complexes. BLPAR isolates mostly belonged to ST107 (20/79),
while BLNAR was predominantly distributed in ST12 (5/18).

Conclusion: H. influenzae infections are predominately caused by genetically
diverse NTHi among hospitalized patients in Guiyang. The prevalence of
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B-lactamase production and PBP3 mutation may contribute to the high local
ampicillin resistance rate.
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Introduction

Haemophilus influenzae (Hi) is a gram-negative bacterium
that has been established to contribute to a wide variety
of airway mucosal infections and invasive diseases such as
bacterial meningitis. Before the introduction of Hib conjugate
vaccines, Hib was the commonest cause of bacterial meningitis
in young children in European countries (1) and is also
reportedly the second most common bacterial pathogen causing
pneumonia in Chinese children (2). Nowadays, H. influenzae
strains are classified as typeable or non-typeable Hi based
upon the presence of the polysaccharide capsule antigen,
which also helps characterize typeable Hi into 6 serotypes (a
to f), and lack of a capsule are identified as NTHi (non-
typeable H.influenzae). Since the introduction of a conjugate
vaccine against H. influenzae type b (Hib), invasive diseases
of H.influenzae are now usually attributed to NTHi (3). In
addition, H.influenzae infection is influenced by many factors,
including the environment, population density and climatic
conditions (4, 5). Accordingly, continuous monitoring of local
and worldwide epidemiology is critical to help develop future
disease control strategies.

Antibiotic
information to aid clinicians in selecting empirical treatment.

resistance surveillance provides valuable
p-lactam antibiotics are nowadays commonly used in the
clinical treatment of H. influenzae. In many countries, these
empirical drugs have been found to be resistant (6). Rates of
ampicillin resistant H. influenzae from<5% in several countries
to 67.9% have been reported such as Canada, Japan, Italy,
Shanghai and Taiwan (7). The resistance of H. influenzae to
ampicillin is mainly through two mechanisms. One of the
reported main resistance mechanisms involves the production
of PB-lactamase in H.influenzae that hydrolyze p-lactam
antibiotics. Thus, strains that acquire B-lactamase genes such
as TEM-1 and ROB-1 are referred to as p-lactamase-positive
ampicillin-resistant H. influenzae (BLPAR) strains. The other
mechanism involves B-lactamase-negative ampicillin-resistance
(BLNAR), which arises from alterations of penicillin-binding
protein 3 (PBP3) resulting from ftsI gene mutations, leading to
the decreased affinity of B-lactamase antibiotics for PBP3 (7, 8).
BLNAR isolates may represent a significant risk due to their
ability to develop third-generation cephalosporin resistance (9).

Therefore, the classification of drug resistance phenotypes
is important for clinical treatment and understanding the
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transmission of drug resistance genes. In this study, we
aimed to preliminarily investigated the serotype distribution,
antimicrobial resistance, and molecular epidemiology of
H. influenzae among hospitalized patients in Guiyang,
Guizhou, China.

Materials and methods

Samples

This investigation was conducted at the Guiyang First
People’s Hospital. A total of 196 isolates (only the first strain
isolated from each patient was enrolled) were consecutively
collected from the department of clinical microbiology, one
central laboratory of this hospital, from June 2020 to July
2021. Respiratory tract specimens were collected for clinical
examination according to the National Clinical Examination
Procedures (4th edition), and immediately inoculated in
chocolate agar, and incubated overnight at 35°C in 5% COs,.
Only the first strain was included from each patient. Colonies
resembling H. influenzae were identified by conventional
methods, including requirement tests for hemin (X factor) and
NAD (V factor). All preliminary identified H.influenzae isolates
were further confirmed by testing for the fucK and p6 genes, as
previously described (10-12).

The studies involving human participants were reviewed
and approved by Ethics Committee at the Guiyang First People’s
Hospital (Ethical approval No.G2020-S001).

DNA templates preparation

An inoculated ring was selected and boiled in
200 wl of sterile distilled water for 10min. Then the
suspension was centrifuged at 12 000 rpm/min for 10min.
DNA was extracted quickly, and the supernatant was
transferred to a second sterile tube and stored at —20°C

until needed.
Serotyping

Serotyping was performed by amplifying capsule-specific
genes, bexA, using PCR as previously mentioned (13, 14). Strains
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that not possessed bexA gene were classified as NTHi.The details
of primers sequences were indicated in Supplementary Table 1.

Antimicrobial susceptibility test

The Kirby-Bauer disk-diffusion test was used to conduct
drug sensitivity tests on Haemophilus test medium (HTM)
plates and incubated for 24h at 37°C with 5% CO; in air,
according to the Clinical and Laboratory Standards Institute
(CLSI) (15). Commonly used antibacterial drugs in H.influenzae
infected patients in the area were taken into consideration.
Fourteen antibiotics were tested: ceftazidime, ampicillin,
amoxicillin-clavulanic ~ acid, = meropenem, levofloxacin,
imipenem, tetracycline, chloramphenicol, ampicillin-sulbactam,
aztreonam, cefepime, rifampin, cefaclor, azithromycin.

H.influenzae ATCC 49247 was used for quality control.

B-lactamase and characterization of fts/
gene detection

All isolates were tested for the production of f-lactamase by
the chromogenic cephalosporin nitrocefin method using known
p-lactamase positives as controls. The TEM-1 and ROB-1 genes
were identified by PCR as previously reported (16). The deduced
amino acid sequence of the PBP3 transpeptidase region was
aligned with the corresponding sequence from H. influenzae Rd
KW20. The 140 ampicillin resistant strains were detected for ftsI
gene and sequenced, and isolates with PBP3 mutation patterns
were classified as previously reported (17).

Multilocus sequence type

MLST genes (atpG, frdB, pgi, adk, mdh, fucK and recA)
were amplified as described previously (18). Amplifications were
performed in 50 pl total volumes of PCR reaction system
contained ~10 pl of PreMix Taq (TaKaRa, Japan), 1 pl of
forward and reverse primers, 2.5 pl of DNA, 35.5 pl of
deionized water, respectively. Amplification was performed on
an thermocycler using amplification parameters included an
initial denaturation at 95°C for 4 min, followed by 30 cycles
of 95°C for 30s, 55°C for 30s, 72°C for 60, then 72°C for
10 min. PCR products were detected by electrophoresis of 2 1
of each reaction on a 1.5% agarose gel for 30 min at 100 V; and
the forward and reverse sequences were trimmed to the correct
length and edited. The details of MLST primers sequences
were indicated in Supplementary Table 1. All of the primers
used were synthesized by Beijing-Tsingke Biotechnology Co.,
Ltd. (Beijing, China) with HPLC purification grade. In addition
to providing clone descriptors, each unique allelic profile is
assigned a sequence type (ST). ST with allelic variation at a single
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site (single locus variant, SLV), 2 sites (double locus variant,
DLV) or 3 sites (triple locus variant, TLV) is considered to be a
related part of the ST clonal complex (CC), while the difference
in ST at more than 3 sites is considered to be unrelated. Allele
numbers and ST were assigned by applying the H.infuenzae
MLST website (https://pubmlst.org/hinfluenzae/) and analyzed
and compared with the ST.

Statistical analysis

The antimicrobial susceptibility data were analyzed with
WHONET 5.6 software, as recommended by the World Health
Organization. The chi-squared test and Fisher’s exact test were
used for statistical comparisons and performed with SPSS
software. A two-tailed P < 0.5 was considered statistically
significant. The MLST data of isolates of other provinces
in China and worldwide isolates were come from the H.
influenzae MLST website (www.pubmlst.org/hinfluenzae/). A
UPGMA clustering analysis based on categorical coefficients was
performed using the Bionumerics software package, version 4.0
(Applied Maths, Belgium) and a minimum spanning tree was
constructed to determine phylogenetic pattern.

Results

Isolate distribution and patient
characteristics

One hundred ninety-six clinical H.influenzae isolates
(excluding strains from the same site of the same patient)
were randomly selected from various respiratory tract specimens
from children and adults hospitalized at the Guiyang First
People’s Hospital from June 2020 to July 2021, including sputum
samples (n = 180), nasopharyngeal swabs (n = 15), and alveolar
lavage fluid (n = 1) (Supplementary Table 2). The majority of
specimens came from children (<14 years old, n = 160) and the
rest from adults (>14 years old, n = 36). Males (63.8%, 125/196)
constituted a significant portion of patients compared to females
(36.2%, 71/196). Based on the clinical diagnosis of hospitalized
patients, lung with respiratory tract infection (pneumonia
and bronchitis, 68.4%, 134/196) was the most common
cause of infection (Supplementary Table 3). Most patients were
from the pediatrics department (78.6%, 154/196), respiratory
and critical care medicine department (6.1%, 12/196), and
the otolaryngology department (3.1%, 6/196). The remaining
cases were from the General department, Nephrology, and
Gastroenterology department (Supplementary Table 4).
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TABLE 1 Drug resistance rate and susceptibility rate of BLPAR and BLNAR strains to antibiotics.

Antimicrobial BLPAR® (n = 79) BLNARP (n=18) Total (n = 196)
Number of Resistance Sensitivity Number of Resistance Sensitivity x> P Resistance Sensitivity
resistant rate (%)* rate (%)* resistant rate (%)* rate (%)* rate (%)* rate (%)*
strains strains

Ampicilin 79 100 0 18 100 0 - - 71.4 229
Ceftazidime 3 38 91.1 1 5.6 94.4 0.000 >0.05 2 98
Amoxilin-clavulanate 0 0 100 18 100 0 90.496 <0.05 26 73.5
Meropenem 0 0 100 1 5.6 94.4 0.661 >0.05 0.5 99.5
Levofloxacin 0 0 100 1 5.6 94.4 0.661 >0.05 0.5 99.5
Imipenem 0 0 100 1 5.6 94.4 0.661 >0.05 0.5 99.5
Tetracycline 20 253 60.8 5 27.8 44.4 0.102 >0.05 25.5 64.8
Chloramphenicol 7 8.9 70.9 1 5.6 61.1 0.000 >0.05 6.6 91.4
Ampicilin-sulbactam 12 15.2 82.3 17 94.4 5.6 42.782 <0.05 327 65.3
Aztreonam 9 11.4 87.3 5 27.8 72.2 1.930 >0.05 13.3 86.2
Cefepime 0 0 100 0 0 100 - - 0.5 99
Rifampin 8 10.1 65.8 6 333 50 4.001 <0.05 13.8 72.9
Cefaclor 24 30.4 60.8 12 66.7 333 6.667 <0.05 36.7 54.6
Azithromycin 48 60.8 38 1 5.6 94.4 18.342 <0.05 34.2 65.3

2BLPAR: isolates which were p-lactamase positive, ampicillin resistant. "BLNAR: isolates which were B-lactamase negative, ampicillin resistant. *Some antimicrobial susceptibility rate add resistance rate <100% is indicated in the table, mediating strain

susceptibility to this antimicrobial agent.

e 32 noyz
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TABLE 2 Multi-resistant H. influenzae isolate feature.

Strains No. ST B-lactamase PBP3 mutation Antibiogram®

262 12 - No change AMP-AMC-MEM-LEV-IPM-TCY-CHL-SAM

2 AMP, ampicillin; AMC, amoxilin-clavulanate; MEM, meropenem; LEV, levofloxacin; IPM, imipenem; TCY, tetracycline; CHL, chloramphenicol; SAM, ampicillin-sulbactam.

Serotype and antimicrobial SUSCGptibility Republic, Australia, Denmark, UK, Sweden, Spain, Canada,
Portugal, Poland, The Netherlands, Cameroon, Israel, Italy,
All isolates in this study were found to be NTHi. The Ireland, Norway, Switzerland, South Africa, Nepal, Iceland,

drug resistance rates to ampicillin, cefaclor, azithromycin India) were used for comparison. Guizhou Province accounts
and amoxicillin-clavulanic acid were 71.4% (140/196), for the largest proportion of CC107, while CC3 with the most
36.7% (72/196), 34.2% (67/196), 26% (51/196), respectively, allelic variation contained isolates from both China (including
and high sensitivity to carbapenem, such as imipenem, Guizhou Province and other provinces of China) and other
meropenem and levofloxacin. The resistance rate of BLPAR to countries. BLPAR isolates mostly belonged to ST107 (20/79);
amoxicillin-clavulanic acid, ampicillin / sulbactam, Rifampin, BLNAR was predominantly distributed in ST12(5/18).

Cefaclor was lower than that of BLNAR, but the resistance
rate of Azithromycin was higher than that of BLNAR
(p < 0.05) (Table1). One multi-resistant H. influenzae
isolate exhibited resistance to P-lactamase antimicrobias

Discussion

(ampicillin and amoxilin-clavulanate), carbapenem (imipenem, H. influenzae is a Gram-negative bacterium responsible for

meropenem and levofloxacin), tetracycline, chloramphenicol respiratory tract infections, especially in children (19). After

and ampicillin-sulbactam (Table 2). the introduction of the Hib conjugate vaccine, the prevalence
of invasive H. influenzae has declined, leading to a change
in the epidemiology of H. influenzae. However, it should be

borne in mind that Hib conjugate vaccines was promoted in

Production of g-lactamase and

. . . the 1980’s, Asia far behind its introduction in Europe and
characterization of fts/ gene detection

America, particularly in developing countries (20), which has

led to large differences in the epidemiological patterns of H.
The proportion of BLPAR and phenotypically BLNAR

isolates was 40.3% (79/196) and 9.2% (18/196), respectively
(Table 1). All 79 BLPAR isolates carried the TEM-1 gene. One
hundred thirteen ampicillin-resistant H. influenzae isolates had

influenzae around the world. All 196 Hi strains in this study
were from respiratory specimens, sputum samples mainly from
pediatric patients with pneumonia. Drug sensitivity test showed

that resistance to ampicillin, cefaclor and azithromycin was 71.4,
amino acid substitutions in PBP3. The isolates consisted of

Group I (4.4%, 5/113), group Ila (15.9%, 18/113), group III
(0.9%, 1/113), group III-like (41.6%, 47/113) (Table 3).

36.7, and 34.2%, respectively. Our ampicillin and azithromycin
resistance rates were relatively higher than those reported by the
National Bacterial Resistance Monitoring Network 2014-2019
(21), while the resistance rates for the remaining antibiotics
were relatively lower. Many factors, such as chronic disease,
MLST analysis of H. influenzae medications, regions or age, may possibly contribute to the
diversity. The application of the Clinical and Laboratory

Multilocus sequence typing was performed on all 196 Standards Institute (CLSI) and the European Committee on
isolates in our collection, and complete MLST data is available Antimicrobial Susceptibility Testing (EUCAST) guidelines also
for 161 isolates. Of the 161 isolates that MLST data was led to many discrepancies. At present, it remains difficult to
available for, a total of 49 sequence types (ST) were detected, establish a “gold standard” method for detecting ampicillin
and constituted 23 clonal complexes (CC) and 8 singletons resistance and a consensus definition of B-lactam resistance in H.
(Figure 1). The largest clonal complexes included the following: influenzae (22). This increase in resistance emphasizes the need
CC107 (ST107, n = 27; ST1002, n = 5; ST1218, n = 5), CC3 for careful selection of empirical medication.

(ST3, n = 2; ST14, n = 1; ST136, n = 2; ST143, n = 2; The detection ampicillin resistance was 71.4%, resistance
ST408, n = 2; ST481, n=>5; ST1032, n = 1; ST2191, n = 1; of the BLNAR strain to ampicillin-sulbactam, rifampin and
ST2253, n = 3) and CC487 (ST487, n = 10; ST2043, n = cefaclor was higher than for the BLPAR strain. In comparison,
4). The 49 ST in this study and the ST searched in MLST the resistance of the BLPAR strain to azithromycin was higher
database, which includes from other provinces of China and 25 than for the BLNAR strain (P < 0.05) (Table 1). After the
other countries (France, USA, Japan, Germany, Finland, Czech addition of the enzyme inhibitor sulbactam, a decrease in
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TABLE 3 Amino acid substitutions identified in the ftsl gene of H. influenzae isolates.

Group B-lactamase n  Asp-350 Ser-357 Met-377 Ser-385 Leu-389 Gly-490 Ala-502 Arg-517 Asn-526 Ala-530 Thr-532 Val-547 Tyr-557 Gly-560
I + 3 Val His
+ 1 Val His Trp
+ 1 His
IIa + 9 Asn Glu Lys Ser
+ 5 Asn Glu Lys Ser Trp
+ 1 Asn Glu Lys Ser Lys Trp
- 1 Asn Glu Lys Ser Trp
+ 1 Lys
+ 1 Lys Ser Trp
111 + 1 Asn Asn Ile Thr Ile Ile Ile Leu Ile Ile
+ 1 Asn Asn Ile Thr Phe Lys Ser Trp
+ 2 Asn Asn Tle Thr Phe Lys Ile Trp
- 1 Asn Asn 1le Thr Phe Glu Lys Ser Asn
+ 7 Asn Asn Ile Thr Phe Glu Lys Ser
III+1Ta - 2 Asn Asn Ile Thr Phe Glu Lys Ser
- 2 Asn Asn Ile Thr Phe Glu Lys Ile
+ 3 Asn Asn Ile Thr Phe Glu Lys Ile
+ 2 Asn Asn Tle Thr Phe Glu Lys Ser Trp
+ 2 Asn Asn Tle Thr Phe Lys Ile Asn Val
+ 2 Asn Asn Ile Thr Phe Glu Lys Ser Trp
III+1Ib + 1 Asn Asn Ile Thr Phe Glu Val Lys Lys
III+IIc + 1 Asn Asn Ile Thr Phe Thr Lys
+ 12 Asn Asn Tle Thr Phe His Ser Tle His
- 12 Asn Asn Ile Thr Phe His Ser 1le His
+ 2 Asn Asn Ile Thr Phe His His
+ 3 Asn Asn Ile Thr Phe His Ser Ile
111 like + 5 Asn Asn Ile Thr Phe His Ser Ile His Trp
- 3 Asn Asn Tle Thr Phe His Ser Ile His Trp
+ 4 Asn Asn Ile Thr Phe His Ile His
+ 1 Asn Asn Ile Thr His Ser IIe Ile
+ 4 Asn Asn Ile Thr His Ser Ile
- 1 Asn Asn Ile Thr His Ser Ile
Miscellaneous + 2 Trp
+ 1 Ile
- 1 Ile
+ 7 Asn IIe Val Lys Ile
+ 3 Asn Thr Glu Lys Ser Trp
+ 1 Asn Asn His
+ 1 Asn Asn Thr Phe Glu Ser Ser Ile
No changes + 21
- 6
Total 140

e 32 noyz
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Genetic relationships based on minimum spanning tree of the 161 MLST profiles of H. influenzae isolates from Guizhou province and isolates of
worldwide distribution. Each circle corresponds to a MLST profiles. The shadow zones in different color correspond to different clonal
complexes. The size of the circle is proportional to the number of the isolates, and the color within the cycles represents the locality origin.
Numbers in nodes denote sequence types and clonal complexes (CC), of which 49 different ST and 23 CC were identified. The solid and dotted
lines indicate the single-locus variant and the double-locus variant, respectively.

drug resistance strains was observed, indicating that ampicillin-
resistant strains in this region were mainly enzyme-producing
bacteria, and their resistance genes were TEM-I type, and no
ROB-1 type, consistent with findings of a study by Qin et al.
(23). Previously, BLNAR isolates were thought scarce in China
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(6). However, in our study, 18 isolates of BLNAR were identified
from 196 test isolates (9.2%). A former report in Shanghai,
China, and Beijing, China, the detection rate of BLNAR strains
was 11.76 and 18.9% (24, 25). In other countries, especially,
Japan, BLNAR strains prevalence was >40% (3). The mechanism
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of BLNAR resistance involves the transposition of amino acid
sites of the ftsI gene on the cell wall of penicillin-binding
protein 3, which changes the spatial conformation. Importantly,
three important mutations have been documented near the
conservative motif: STVK (Ser-Thr-Val-Lys), SSN (Ser-Ser-Asn)
and motif (Lys-Thr-Gly) (26). The amino acid site replacement
of ftsI gene in isolates was 57.7% (113/196), and BLNAR
were mostly distributed in the class III-like group (Table 3),
which contributed to a 10-60-fold increase in MIC values
of cefixime and cefuroxime, causing higher resistance than
groups I and groups II (27). It has been shown that isolates
with significant PBP3 mutations are more resistant to 3-lactam
antibiotics, resulting in decreased affinity between bacteria and
pB-lactam antibiotics. This phenomenon explains the unaltered
antimicrobial activity in response to p-lactamase inhibitors and
first and second-generation cephalosporins (28). BLNAR strains,
which can potentially develop resistance to ampicillin, first- and
second-generation cephalosporins in this region, can lead to
high resistance rates, raising awareness on the need to strengthen
the epidemic surveillance of BLNAR strains.

It has been established that multiple drug resistance
(MDR) is the resistance of organisms to three or more
different antimicrobials (29). In the present study, one
multi-resistant H. influenzae isolate exhibited resistance to -
lactamase antimicrobias (ampicillin and amoxilin-clavulanate),
carbapenem levofloxacin),

(imipenem, meropenem and

tetracycline,  chloramphenicol and ampicillin-sulbactam
(Table 2), which a number of studies in Japan and Thailand have
shown a gradual increase in MDR Hi (30, 31). The situation
of H.influenzae mechanisms of multiple drug resistance is not
clear, which may result from the interplay of multiple factors,
including the production of B-lactamase or ftsI gene mutations,
plasmid exchange, and efflux pumps.

All 196 H.influenzae isolated in this study were NTHI,
and cannot be prevented by Hib vaccine. MLST is widely
acknowledged to identify pathogen strains by sequencing seven
housekeeping genes; it can compare isolates from different
laboratories since the allele profiles, and epidemiological
information of strains can be stored in databases on the
Internet. This approach has become increasingly popular to
study clonal pathogen expansion (18). An increasing body
of evidence suggests a high level of genetic diversity among
the isolates, related to the genetic heterogeneity of the NTHi
strains (32, 33). Guizhou Province accounts for the largest
proportion of CC107 and ST107 was the most common
sequence type in this study which is different from other
provinces of China (Shanghai, Guangzhou, Beijing) (24, 25, 34)
and other countries (Italy, Malaysia, Canada, Japan) (35-38).
However, CC107 appears in multiple countries suggesting no
geographical connection (Figure 1). This finding demonstrates
the geographic heterogeneity of H.influenzae strains that have
evolved independently. Despite the genetic heterogeneity of the
NTHi isolates, we observed an association between ampicillin
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resistance status and ST. In this regard, p-lactamase has been
established to be mainly carried by ST107 and ST103, while
some BLNAR isolates belong to ST12. ST103 and ST14 have
been reported in Italy, Portugal, Ireland and are associated with
invasive disease (39-41). ST14 has recently been documented
in Sweden and is thought to be associated with increased
virulence and persistence (42, 43) and which was included the
most common CC3. The presence of ST103 and ST14 with loci
mutations underscores the importance of surveillance studies,
including molecular typing of these isolates.

Some limitations were noted in our study. First of all,
the vaccination data of enrolled patients was not available.
Moreover, PCR detection of pathogens was not carried out in
patients with cold-like symptoms whose sputum culture was
negative. Finally, our sampling was biased toward non-invasive
bacterial isolates, as sputum samples were predominantly
collected while other specimens such as blood were not.
However, to the best of our knowledge, this is the first
systematic investigation of H. influenzae colonization in the
Guiyang area. Importantly, our study provides important
information on potential high-risk genotypes to be tracked
during epidemiological surveillance.

Conclusion

In conclusion, although data on the distribution of serotypes
carrying H.influenzae isolates in our region prior to vaccination
is unavailable, it is now clear that NTHi is overwhelmingly
dominant and cannot be prevented by Hib vaccination. PBP3
mutations and P-lactamase production are prevalent in H.
influenzae strains, leading to ampicillin resistance and reduced
sensitivity to other B-lactamase antibiotics. Despite the high
genetic diversity of NTHi, we found an association between
ampicillin resistance status and specific clonal complexes;
specific genotypes may have a higher potential for aggressive
disease. To our knowledge, this is the first report of
NTHi sequence typing in Guiyang. Indeed, monitoring NTHi
colonization rates and prevailing genotypes will provide useful
information for better understanding the evolution of H.
influenzae disease and assist in vaccine development.
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