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Abstract
Objective: To evaluate the value of anti-PT IgA measurement for pertussis diagnosis.

Methods: A total of 302 sera of children including 84 pertussis cases and 218 non-pertussis cases 
were collected in 2018. Anti-PT IgG and IgA concentrations were measured by ELISA. The anti-PT 
IgG and IgA levels were categorized as positive when values obtained were ≥ 100 IU/ml and ≥ 20 
IU/ml, respectively. Anti-PT IgA was determined when the anti-PT IgG was detectable (≥ 5 IU/ml).

Results: In non-pertussis patients, up to 73.9% of them had undetectable level. However, 34.5% 
of pertussis patients had anti-PT IgG level ≥ 100 IU/ml and only 32.1% were undetectable. A total 
of 23 patients had anti-PT IgA level ≥ 20 IU/ml, and 22 of them were found in pertussis patients. 
Among 29 pertussis patients who had anti-PT IgG levels of ≥ 100 IU/ml, only 8 unvaccinated and 7 
vaccinated (>1 year) patients cloud be confirmed by only anti-PT IgG test in single samples. For 7 
recently vaccinated patients and 7 children who may have been recently vaccinated (<1 year), eight 
of them cloud be confirmed by sequential testing of anti-PT IgA. Among 28 pertussis patients who 
had anti-PT IgG levels of 5- <100 IU/ml, 7 patients had anti-PT IgA level ≥ 20 IU/ml.

Conclusion: The sequential testing of anti-PT IgA in patients who had detectable and uncertain 
anti-PT improved the serological diagnosis of recent pertussis.
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Introduction
Recently, pertussis resurgence has been reported in China [1-3]. However, due to lack of 

laboratory tests [4], pertussis was still underestimated in China [5,6]. The laboratory-confirmed 
tests included culture, PCR and serodiagnosis [7]. The sensitivity of culture and PCR decreases over 
time, and culture and PCR for pertussis was not available in most community hospitals in China. 
Therefore, the use of serodiagnosis of pertussis is attractive in China.

The World Health Organization (WHO) criteria for a laboratory confirmed case include 
seroconversion observed in paired serology samples, but collection of serial samples is infrequent 
in practice [8]. For interpreting single samples, anti-PT IgG has repeatedly been shown to be the 
most robust serological marker for acute pertussis infection [9-11]. However, many of the problems 
associated with anti-PT IgG serodiagnosis still persist. It is difficult to interpret anti-PT IgG results 
in the following situation: (1) Positive anti-PT IgG results in recently vaccinated children (<1 year); 
(2) positive anti-PT IgG results in children with unknown vaccination history (at the age of pertussis 
vaccination); (3) equivocal or even lower anti-PT IgG results.

Anti-PT IgA assay was inferior to anti-PT IgG assay as the test of choice for pertussis diagnosis 
from a single sample [12]. The major interest in measuring anti-PT IgA, comes from the observation 
that anti-PT IgA responses are only weakly induced by pertussis vaccination [13-16]. The recently 
published study by Subissi et al. [17] suggested that reflex testing of anti-PT IgA improves pertussis 
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serodiagnosis in recently vaccinated symptomatic subjects with 
elevated anti-PT IgG levels. Therefore, anti-PT IgA may be an 
additional marker in pertussis serodiagnosis for uncertain anti-PT 
IgG results, when a second sample cannot be obtained.

In this present study we evaluated anti-PT IgG to assess the 
seroprevalence of pertussis in different groups of patients, and anti-
PT IgA will be tested in patients with detectable anti-PT IgG levels. 
This study will help us better understand the value of anti-PT IgA for 
a single anti-PT IgG sample to diagnose pertussis.

Materials and Methods
Ethics approval and consent to participate

This study was reviewed and approved by the Ethics Committee 
of Qilu Children’s Hospital affiliated to Shandong University. Written 
informed consent was obtained from all the parents or guardians, for 
these children’s blood samples to be used for research on infectious 
diseases.

Samples collection
This is a cross-sectional and hospital-based study. From 

January 2018 through December 2018, 302 children diagnosed with 
respiratory tract infection (without pertussis history) or pertussis 
hospitalized in Qilu Children’s Hospital, Shandong University was 
included in this study. It was discharge diagnosis. The clinical case 
criteria for pertussis diagnosis were referred to the WHO definition 
of pertussis [18]. A suspected case is a person of any age with a cough 
lasting ≥ 2 weeks, or of any duration in an infant or any person in an 
outbreak setting, without a more likely diagnosis and with at least one 
of the following symptoms, based on observation or parental report: 
Paroxysms (fits) of coughing; inspiratory whooping; post-tussive 
vomiting, or vomiting without other apparent cause; apnea (only in <1 
year of age); OR clinician suspicion of pertussis. The confirmed cases 
of pertussis were determined by laboratory confirmation (culture, 
PCR or anti-PT IgG test), and all of them had at least one positive 
laboratory test. For recently vaccinated children (<1 year) or children 
who may have been recently vaccinated (unknown vaccination 
history), they were confirmed by culture or PCR. Those cases 
diagnosed with immune system related diseases were not enrolled. 
For all children, basic data about age, gender, date of sampling and 
medical histories were collected from hospital information systems 
and electronic medical records. The samples were not collected for 
this study if the informed consent could not get from the parents or 
guardians. All serum samples were frozen at −20°C until analysis.

Serological testing
Both anti-PT IgG (Euroimmun, Lübeck, Germany) and IgA 

(Institut Virion/Serion GmbH, Germany) were detected using the 
commercially available ELISA kit, according to the manufacturer’s 
instructions. An absorbance of reaction was read using Infinite 200 
Multi-Mode Microplate Reader (TECAN). The antibody results were 
expressed in international units per milliliter (IU/ml). The lower 
limit of detection for anti-PT IgG was 5 IU/ml and referred to the 
“First International Standard for Pertussis Antiserum”, NIBSC code: 
06/140, World Health Organization (WHO). The anti-PT IgG levels 
were categorized as negative, equivocal and positive when values 
obtained were <40, 40- <100 and ≥ 100 IU/ml. Anti-PT IgG ≥ 100 
IU/ml ( ≥ 1 years post pertussis vaccination) was considered to be 
indicative of a recent pertussis infection, as recommended by the 
previous studies [19,20]. The lower limit of detection for anti-PT 
IgA was 10 IU/ml and referred to WHO Reference Reagent (06/142). 

The anti-PT IgA levels were categorized as negative, equivocal and 
positive when values obtained were <15, 15- <20 and ≥ 20 IU/ml.

Data analysis
Data were analyzed using the JMP (version 10.0). For statistical 

analysis, antibody concentrations below the lower limit for 
quantification were assigned as half the lower limit of quantification 
(2.5 IU/ml for anti-PT IgG, and 5 IU/ml for anti-PT IgA). χ2 test 
was used to compare proportions of subjects with protective anti-
PT IgG or IgA among different subgroup. P ≤ 0.05 were considered 
statistically significant.

Results
Characteristics of study population

A total of 302 subjects were enrolled in the study with the age 
range of 1 month 4 days to 11 years 9 month (median: 4 years). The 
ratio of male to female was 1.6:1 (187:115). Among them, 218 subjects 
diagnosed with respiratory tract infection were considered ‘non-
pertussis’, and the other 84 subjects meeting clinical case definition 
of pertussis were laboratory confirmed pertussis. Among non-
pertussis group, the rate of at least 3 dose of DTP vaccination was 
75.2% (164/218). Among pertussis group, 38.1% (32/84) of patients 
were not vaccinated against DTP, 41.7% (30/84) of patients had a 
confirmed history of DTP vaccination. A total of 17 pertussis patients 
were unknown for the history of DTP vaccination.

Distributions of anti-PT IgG and anti-PT IgA
The distributions of anti-PT level in the sera of 302 subjects are 

presented in Table 1. In non-pertussis patients, more than 70% of 
them had undetectable anti-PT IgG. In patients with pertussis, about 
70% of them had detectable anti-PT IgG, and half of them have anti-
PT IgG levels ≥ 100 IU/ml. There was no significant differences in rates 
of anti-PT IgG ≥ 100 IU/ml between unvaccinated and vaccinated 
children (P=0.7885). Among pertussis patients who had anti-PT IgG 
levels of ≥ 100 IU/ml, 63.2% of who have coughed more than 3 weeks.

The anti-PT IgA levels were tested in 114 patients who had 
detectable anti-PT IgG levels. The anti-PT IgA level distribution was 
summarized in Table 2. Anti-PT IgA concentration exceeded 20 U/ml 
in 23 subjects, and 22 of them were found in patients with pertussis. 
There was no significant differences in rates of anti-PT IgA ≥ 20 IU/
ml between unvaccinated and vaccinated children (P=1.0). Among 
pertussis patients who had anti-PT IgA levels of ≥ 20 IU/ml, 76.5% of 
who have coughed more than 3 weeks.

The value of sequential testing of anti-PT IgA in single 
samples for pertussis diagnosis

Among 29 pertussis patients who had anti-PT IgG levels of ≥ 
100 IU/ml, only 8 unvaccinated and 7 vaccinated (>1 year) patients 
cloud be confirmed by only anti-PT IgG test in single samples. For 
7 recently vaccinated (<1 year) patients and 7 children who may 
have been recently vaccinated (unknown vaccination history), eight 

Anti-PT IgG level
Percentages (%, 95% CI)

P
Non-pertussis Pertussis

<5 IU/ml 73.9 (67.6-79.2) 32.1 (23.1-42.7) <0.0001

5- <40 IU/ml 18.8 (14.2-24.5) 17.9 (11.1-27.4) 0.849

40- <100 IU/ml 4.6 (2.5-8.2) 15.5 (9.3-24.7) 0.0014

≥ 100 IU/ml 2.8 (1.3-5.9) 34.5 (25.2-45.2) <0.0001

Table 1: The distributions of anti-PT IgG in pediatric patients hospitalized in the 
respiratory department.
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of them cloud be confirmed by sequential testing of anti-PT IgA. 
Among 18 pertussis patients who had equivocal or even lower anti-
PT IgG results, eight of them cloud also be confirmed by sequential 
testing of anti-PT IgA.

For anti-PT IgG (100 IU/ml) or IgA alone (20 IU/ml) assay, the 
sensitivity was only 26.3%. However, when anti-PT IgG is used as 
the first indicator to confirm cases, and secondary confirmation is 
performed with anti-PT IgA, the sensitivity improved to 52.6%.

Discussion
The dilemma of anti-PT IgG measurement has been interpreting 

indeterminate anti-PT IgG levels, when a second sample cannot be 
obtained. Our results suggest that sequential testing of anti-PT IgA in 
the patients which had uncertain anti-PT IgG result would improve 
the pertussis diagnosis.

The major interest of measurement of IgA in pertussis 
serodiagnosis comes from the observations that, primary vaccinations 
with WCVs or ACVs in the first year of life induce IgM and IgG 
antibodies but do not induce IgA antibodies. Among 114 patients 
who had detectable anti-PT IgG levels, 23 of them had anti-PT 
IgA level ≥ 20 IU/ml, and 22 of them were found in patients with 
pertussis. Our result also suggested that anti-PT IgA would be highly 
specific for acute infection.

Prior vaccination history may theoretically confound 
interpretation of anti-PT IgG. Among 29 pertussis patients who 
had anti-PT IgG levels of ≥ 100 IU/ml, for 7 recently vaccinated (<1 
year) patients and 7 children who may have been recently vaccinated 
(unknown vaccination history); the diagnosis could not be confirmed. 
For 8 of them, the diagnosis cloud is confirmed by sequential testing 
of anti-PT IgA.

Robson et al. [12] suggested that reflex testing of anti-PT IgA 
in the context of equivocal anti-PT IgG results may be worthwhile. 
For 13 pertussis patients with equivocal anti-PT IgG (40- <100 IU/
ml), three of them cloud also be confirmed by sequential testing of 
anti-PT IgA. However, considering the relative low levels of anti-PT 
IgG in vaccinated children, we could not eliminate that those subjects 
who had detectable but negative anti-Ptx IgG (5- <40 IU/ml) did have 
a real pertussis infection. The sequential testing of anti-PT IgA in 4 
patients had exactly increased the sensitivity of serological diagnosis 
of pertussis. The two studies by Guiso et al. [11] and May et al. [8] 
suggested that the likely cutoff is between 10 and 20 IU/ml, close to 
the minimum level of quantification. If the cutoff of 10 IU/ml was 

adopted, the diagnostic performance in another 3 patients which 
had anti-PT IgG levels of 5- <40 IU/ml was also changed. Our results 
suggest that anti-PT IgA should be tested for not only equivocal (40- 
<100 IU/ml), but also lower detectable anti-PT IgG level (5- <40 IU/
ml).

In our study, nearly 90.0% (75/84) of the pertussis patients in our 
study are children aged <4 years. In patients with detectable anti-
PT IgG, about half (30/57) of them have detectable anti-PT IgA. It 
was similar with previous study, which revealed the less frequent 
and less strong IgA levels for pertussis infection in children aged <4 
years [21]. Even though there is some potential in IgA to improve 
the diagnosis, it is not applicable for routine diagnostics for infants 
and young children. However, it is reassuring to study this further in 
adolescents and adults, as already confirmed by other research [17]. 
In fact, serology overall is not recommended to children <2 years. 
The positive anti-PT IgA was also worthwhile for infants and young 
children with uncertain anti-PT IgG, when only serodiagnosis was 
available and a second sample cannot be obtained.

There were certain limitations in this study. Firstly, when clinical 
case definition of pertussis was used in the selection of subjects, the 
majority of (84.5%, 71/84) of the pertussis patients in our study 
are children aged <2 years. In the further research, more children 
older than 2 years and adolescents should be selected for serological 
analysis. Secondly, subjects not meeting clinical case definition were 
considered ‘non- pertussis’. There is no exclusion from laboratory 
testing. Seven pertussis cases in non-pertussis group were missed in 
clinical work. The laboratory tests were performed in the future to 
give strong evidence for the select of non-pertussis patients. Thirdly, 
the anti-PT IgG ELISA kit from Euroimmun was used clinically, 
however, they had no commercially available anti-PT IgA ELISA kit, 
we used the kit from Institut Virion/Serion GmbH.

Conclusion
The sequential testing of anti-PT IgA in patients who had 

detectable and uncertain anti-PT improved the serological diagnosis 
of recent pertussis, when a second sample cannot be obtained.
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Diagnosis and  anti-PT IgG level Total
Distribution of anti-PT IgA (N)

<10 IU/ml 10- <15 IU/ml 15- < 20 IU/ml ≥ 20 IU/ml

Non-pertussis

5- <40 IU/ml 41 41 0 0 0

40- <100 IU/ml 10 9 0 0 1

≥ 100 IU/ml 6 4 2 0 0

Pertussis

5- <40 IU/ml 15 8 2 1 4

40- <100 IU/ml 13 10 0 0 3

≥ 100 IU/ml 29 9 3 2 15

Total 114 81 7 3 23

Table 2: The distribution of anti-PT IgA in patients with detectable anti-PT IgG.
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