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ABSTRACT  
 
 
 
 
Objective: To assess the efficacy and safety of vaccination against influenza virus in 

patients with rheumatoid arthritis, with special emphasis on the effect of disease 

modifying drugs (DMARD’s), including TNFα blockers. 

Methods: 82 RA patients and 30 healthy controls were vaccinated with a split-virion 

inactivated vaccine containing 15 mcg hemagglutinin (HA)/dose of each of B/Hong 

Kong/330 /2001 (HK), A (H3N2)//Panama/2007/99 (PAN) and A (H1N1)/New 

Caledonian /20/99 (NC). Disease activity was assessed by the number of tender and 

swollen joints, morning stiffness, evaluation of pain, Health Assessment Questionnaire, 

ESR and CRP on the day of vaccination and 6 weeks later. Hemagglutination inhibiting 

(HI) antibodies were tested by a standard WHO procedure. Response was defined as a > 

4-fold rise in HI antibodies 6 weeks after vaccination, or seroconversion in patients with a 

non-protective baseline level of antibodies (<1/40). Geometric mean titers (GMT) were 

calculated to assess the immunity of the whole group. 

Results: Six weeks after vaccination, a significant increase in GMT for each antigen was 

observed in both groups, the increase being significantly higher in the healthy group for 

HK (p=0.004). The percentage of responders was lower in RA patients in comparison 

with healthy controls achieving statistical significance for HK .The percentage of 

responders was not affected by prednisone or any DMARD, including MTX, Infliximab 

and Etanercept. Parameters of disease activity remained unchanged.  
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Conclusions: Influenza virus vaccine generated a good humoral response in RA patients, 

although lower than in healthy controls. The response was not affected by the use of 

prednisone, MTX, Plaquenil, Infliximab or Etanercept.  
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Infection is one of the leading causes of morbidity and mortality in patients with 

Rheumatoid Arthritis (RA) (1,2). This may be due to an inherent altered activity of the 

immune system as well as to the deleterious effect of immunosuppressive drugs such as 

corticosteroids, methotrexate, TNFα - blockers and others (3). Despite this well-

established propensity to infections, there is some reluctance to vaccinate RA patients. 

This reluctance is based on sporadic case reports on the onset or exacerbation of RA 

following vaccination with influenza, tetanus, hepatitis and other vaccines (4,5). 

However, the eventual capacity of influenza vaccination to induce a significant clinical 

flare of RA is still debated. One study reported post vaccination flare in 6 out of 17 

patients (6) while no flares were reported in further studies (7-9). 

In addition to these concerns regarding the safety of the influenza vaccine in RA patients, 

there is uncertainty regarding the immunogenicity of vaccines in immunocompromised 

patients such as RA patients. Likewise, the effect of commonly used medications in RA 

such as methotrexate and TNFα- blockers on the immunogenicity of the vaccine has not 

been well established.  

We herein report a study aiming to assess the safety and immunogenicity of vaccination 

against influenza in RA as well as to investigate the effect of disease modifying drugs 

(DMARD´s) including TNF alpha-blockers on the immunogenicity of the vaccine.  
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Patients and Methods 

 

Subjects: Eighty-two consecutive outpatients routinely treated at the department of 

Rheumatology who fulfilled the American College of Rheumatology criteria for RA (10) 

and 30 healthy personnel matched for age, gender and institution participated in this 

study. The patients were required to be on stable medications for the last 3 months 

preceding the vaccine. All subjects were vaccinated with 0.5 ml of split virion inactivated 

vaccine (Vaxigrip, Promedico) containing 15 mcg hemagglutinin (HA) dose of B/Hong 

Kong/330/2001  (HK), A/Panama/2007/99 (PAN) and A/New Caledonian/20/ 99 (NC). 

Exclusion criteria were pregnancy, a history of past vaccination allergy, a known allergy 

to egg products, hyposplenism and active RA necessitating recent change of their drug 

regime.  

Clinical assessment: Before vaccination, a complete history was obtained, a physical 

examination was done and the subject’s use of medications, were recorded. Clinical 

assessment at the day of vaccination and 6 weeks later included the following: duration of 

morning stiffness (in minutes), evaluation of daytime and nocturnal pain using a visual 

analogue scale (VAS) in which 10 represented an extreme pain and 0 no pain, health 

assessment questionnaire score (HAQ) and counting of the number of tender and swollen 

joints (28 joint count). 

Appropriate informed consent was obtained from all patients, and the clinical research 

was conducted in accordance with guidelines for human experimentation specified by the 
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Tel Aviv Sourasky Medical Center. The study was approved by the Ethics Committee of 

the Medical Center.  

Laboratory assessment of disease activity was performed using ESR, CRP and IgM 

Rheumatoid Factor (RF) by ELISA before and after vaccination.  

 

Hemagglutination inhibition test  

Influenza virus has two important surface glycoproteins- the  hemagglutinin (HA) and the 

neuroaminidase (NA). Antigenic classification and sub-typing of influenza viruses is 

based on these two glycoproteins. HA plays a key role in virus cell entry by binding to 

cell-surface receptors, which are found also on RBCs of certain species. Binding to RBC 

results in hemagglutination, which can be observed as a carpet of agglutinated RBCs at 

the bottom of a tube or microtiter well. In the hemagglutination inhibition test (HIT), 

antibody directed against the viral hemagglutinins block the virus from binding to the 

blood cells and thus inhibits the hemagglutination reaction.  

The pre and post immunization HI antibodies were tested at the Central Virology 

Laboratory of the Israeli Ministry of Health using the HIT according to a standard WHO 

procedure (11). Sera were separated, code labeled and stored at -20°C until tested. Sera 

were treated with receptor-destroying enzyme-cholera filtrate to remove nonspecific 

inhibitors and with turkey red blood cells to remove nonspecific agglutinins. The treated 

sera were tested by HIT against the following antigens: B/Hong Kong/330/2001 (HK), 

A/Panama/2007/99 (PAN) and A/New Caledonian/20/99(NC). Working dilution (test 

dose) of each antigen contained 4 hemagglutinin units in 25µl of antigen. Test doses were 

diluted in phosphate buffered saline (PBS) and added to serial dilution of antiserum. The 
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hemagglutinin inhibition titer was determined as the highest dilution of serum that 

completely inhibits hemagglutination of RBCs.  

The titer of an antiserum not showing any inhibition was recorded as <10. Response was 

defined as either a >4 fold rise, or a rise from a non-protective baseline level of <1/40 to 

> 1/40 in HI antibodies six weeks after vaccination (12,13). Geometric mean titers of 

antibody were calculated to assess the immunity of the whole group. 

Outcomes of the study.  

The primary outcome was the percentage of patients in RA and control group exhibiting a 

humoral response to each of the 3 serotypes. Secondary outcomes included the effect of 

current DMARD’s on the humoral response and safety of the vaccine.  

Statistical methods: 

Association between response to vaccination and between patient group and medication 

use was examined using the Chi-square test.  

Patients with positive reaction to vaccination were compared to those who did not react 

with regard to the number of medications at baseline, change in the number of 

medications and change in disease parameters such as the number of tender and swollen 

joints, morning stiffness, pain intensity, HAQ, ESR and CRP using the Mann-Whitney 

test. Multiple regression analysis was used to assess the importance of the different 

variables relative to the humoral response. Continuous variables were compared between 

groups using t-tests. 

    Change in medication use was evaluated by McNemar test, in number of medications 

by Wilcoxon test, and in medication dosage by paired t-test.   

Statistical Analysis was performed using the SAS system for Windows, release 8.02. 
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RESULTS 

Characteristics of patients and control subjects  

The two groups were statistically similar in matters of age and gender. All groups were 

predominantly female (Table 1), with a mean age of 59 for RA and 53 for controls. At the 

time of vaccination, RA patients were treated with at least one DMARD. Fifty-six out of 

82 patients were treated with Methotrexate (MTX) at a mean dosage of 12 mg/week, 48 

were on prednisone at a mean dosage of 8 mg/d, 22 received infliximab and 5 were on 

etanercept for at least 3 months at the time of vaccination (Table 2). 

Effect of vaccination against influenza on disease activity 

Vaccination against influenza was not associated with a significant worsening of any 

clinical or laboratory parameter of disease activity (Table 3), 

A small number of subjects reported mild adverse events following vaccination: 6 RA 

patients and 4 controls developed mild upper respiratory tract infection symptoms within 

2 weeks following vaccination, 1 RA patient had transient pain in the atlanto-occipital 

joint and 1 control complained of mild soreness at the site of injection.  

Thus, vaccination against influenza appeared to be safe and well tolerated in RA patients. 

Immunogenicity of influenza vaccine  

Prevaccination HI antibody levels, as a result of previous infection or vaccination, did not 

significantly differ in RA and controls. Six weeks after vaccination, both RA and controls 

had significant increases of their geometric mean titers of HI antibody against each of the 

antigens tested (Hong Kong, Panama and New Caledonian) suggesting a good humoral 

response of the whole group. For the Hong Kong antigen, the rise was significantly 

higher in the healthy group (p=0.004) (Table 4). 
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Individual responses of RA and Controls to vaccination against influenza 

Although as a group, both RA and controls responded to vaccination, the vaccine did not 

appear to be uniformly immunogenic in all patients. Levels of HI antibodies <1/40 are 

considered to be non-protective. A satisfactory humoral response was defined as ≥ 4 fold 

rise in HI antibodies 6 weeks after vaccination in patients with HI antibodies baseline 

levels above 1/40 or if a rise to HI levels of >1/40 was observed in patients with non-

protective baseline levels of < 1/40.  Using this definition, for HK, the proportion of 

responders in the RA group was significantly lower than in controls (67% vs. 87%, 

respectively) (p=0.05). The proportion of responders was similar for PAN (53% vs. 54%) 

and NC (53% vs. 68%), (Table 5). Response to more than one antigen was obtained in 70 

% of RA patients vs. 82 % of controls. 

Predictors of immunogenicity  

We attempted to identify clinical or laboratory parameters which might predict poor 

response to the vaccine. We could not find any association between age, gender, disease 

duration, count of swollen and tender joints, duration of morning stiffness, level of pain, 

HAQ, ESR or CRP and the humoral response. Multivariate regression analysis did not 

identify any predictor of immunogenicity.  

The use of medications did not affect the humoral response. Within RA patients, the 

proportion of responders was similar, for each of the antigens tested, independently of 

treatment with prednisone, methotrexate, infliximab, etanercept and other DMARD´s as 

well as combination therapies. (Table 6). 
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Discussion  

We have shown that vaccination against influenza was safe and generated a good 

humoral response in RA patients, although lower than in healthy controls for one of the 

antigen tested (HK). The humoral response was not affected by different clinical and 

demographic characteristics of RA, or by the use of commonly administered DMARDS, 

including MTX and Infliximab.   

Vaccination against influenza is the primary strategy to reduce the mortality and 

morbidity associated with influenza. The vaccine is primarily recommended for persons 

at increased risk for severe influenza such as immunocompromised subjects like RA 

patients (14). Despite this recommendation, the uptake practice of vaccination in patients 

with RA is sub optimal, mostly because they have not been offered the vaccine (15). 

Reduced compliance to administer vaccination against influenza is related to concerns 

about its safety and doubts regarding its immunogenicity. Our present results reconfirm 

the safety of influenza in RA, similarly to our and others previous studies in RA and SLE 

patients who did not experience significant clinical flares following vaccination (7-9).  

The immunogenicity of vaccines in RA patients has been a matter of controversy. 

Vaccination against Streptococcus pneumonia has been previously shown by our group to 

induce an adequate humoral response, although lower than controls, in a group of RA 

patients (16). The use of immunosuppressive drugs did not seem to affect the humoral 

response, except for infliximab, which was shown to reduce it (17). Mease et al could not 
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show a deleterious effect of Etanercept on the humoral response to pneumococcal 

vaccine, in a group of patients with Psoriatic Arthritis, while Methotrexate was related to  

a reduced response (18). Similar results on the detrimental effect of MTX were suggested 

by O´Dell in a group of RA patients (19).  

Concerning influenza, Chalmers could not demonstrate any correlation between the use 

and dosage of prednisone and gold on the immunogenicity of the influenza vaccine in a 

cohort of RA patients (9). In children and adults with asthma, the immune response to 

inactivated influenza vaccine was not found to be adversely affected by corticosteroid 

therapy (20), while cyclosporine has been related to a reduced immune response to 

influenza vaccination in lung transplant patients (21).  Our present study has shown that 

neither the use of Methotrexate nor Infliximab affected the humoral response. 

In conclusion, this study has shown that in a “real life” cohort of RA patients, 

immunization against influenza did not modify the clinical picture of RA. In addition, our 

results indicate that long-term immunossupresive therapy at conventional doses, 

including TNFα- blockers, did not adversely affect the humoral response to the vaccine. 

No differential effect of the DMARDs on the humoral response could be demonstrated. 

We are aware of the limitations of this study, which included a relatively small number of 

patients, and controls, which may have influenced the results. However, based on our 

present data, we feel that vaccination against influenza, strongly indicated in RA patients, 

seems to be recommended as well as practicable in RA patients.  
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Table 1.  Clinical and demographic characteristics of RA patients and Controls 

subjects. 

 RA (n=82) Controls (n=30) 

Age, mean years ± SD           59 ±12            53 ± 7  

Sex, Women (%); men (%)       63(77); 19(23)         21(70); 9(30) 

Disease duration 
(Years, mean) 

           14  
 

            0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.2005.036434 on 13 July 2005. D
ow

nloaded from
 

http://ard.bmj.com/


 17

 

Table 2. Medications used by RA patients at the time of vaccination  

 
Medication  
(Mean dose)  

 
  RA patients  (n=82) 

 
Methotrexate 
   
Prednisone 
   
Hydroxychloroquine 
Infliximab 
Etanercept 
NSAIDs 
Sulfasalazine 
Gold 
Minocycline 
Leflunomide 
Combination therapy* 
 

 
             56 
 (12±4.6 mg/ w) 
             48 
  (8±3.7 mg/day) 
             25 
             22 
               5 
             33    
               7 
               4 
               8 
               2 
              47 

* At least 2 DMARD’s 
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Table 3.       Effects of vaccination on disease activity in RA patients. 

 
            Variable  

                     Value, mean ± SD 

  Before vaccination          After vaccination 
P 

 

Tender joints, no. 

Swollen joints, no. 

Morning stiffness, min 

Day & night pain, VAS  

Daytime activity, HAQ    

ESR, mm/h 

CRP, mg/L 

Rheumatoid factor (RF) 

 

 

      10.3 ± 12.3                          9.1 ± 12.1 

        2.2 ± 3.7                            1.5 ± 5.1 

      34.7 ± 55.9                        29.3 ± 49.3                 

        4.8 ± 3.1                            4.8 ± 3.4 

       1.28 ± 0.85                        1.26 ± 0.88 

       28.7 ± 17.9                        31.8 ± 22.2 

     16.05 ± 17.6                      18.23 ± 26.6 

    236.9  ± 531.2                    487.5 ± 281.7 

 

 

 

0.12 

0.1 

0.08 

0.41 

0.49 

0.13 

0.15 

0.10 
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Table 4.   Geometric Mean Titers (GMT) of HI (ųg/ml) antibodies against influenza 

antigens in RA patients and Controls before and 6 weeks after vaccination. 

 

 

             Vaccine  

               RA 

Week 0           Week 6 

          Controls  

Week 0          Week 6 

 

B/Hong Kong/330/2001 (HK) 

A/Panama/2007/99(PAN) 

A/New Caledonia/20/99(NC) 

 

4  ±1.4                  5.3±1.2 

4.03±1.4                 5.33±1.5 

3.4±1.4                   4.7±1.4 

 

3.83±1.5                6.1±0.9* 

4.4±1.4                  5.8±1.2 

2.9±1                  5.1±1.3 

 

• p <0.05 
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Table 5.   Number (%) of responders: RA patients and Controls. 

 
            Vaccine 

 
              RA 

 
          Controls  

 

B/Hong Kong/330/2001 (HK) 

A/Panama/2007/99(PAN) 

A/New Caledonia/20/99 (NC) 

 

 

                51(67) 

                43(53) 

                 43(53) 

 

             26(87)* 

             16(54) 

             20(68) 

 

* p<0.05 
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Table 6: The effect of Infliximab, Methotrexate, Hydroxychloroquine and 

Prednisone on the proportion (%) of responders to HK, PAN and NC antigens. 

 

 Infliximab                      MTX                       Hydroxychloroquine          Prednisone 

Treated/not treated       treated/not treated     treated/not treated            treated/not 

treated 

B/ HK 

A/PAN 

A/NC 

77 / 65                         68/61                          70/61                             66/67 

55 /42                          54/52                          44/71*                           50/53 

56/44                           54/52                           55/50                             60/47    

 

*P=0.04 
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